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Multiprocessor 
based robotics 
controllers 
with integrated 
PLC; robot 
guidance and 
vision systems 
...that’s high 
technology 
from AEG! 


AEG believes that 
industrial automation 
should be simple, reliable, 
flexible and easy to 
operate. Our technology 
has made that belief a 
reality with the R-500 
programmable robot 
controller. 

The R-500 is a modular, 
distributive, multiprocessor 
based system which 
provides high speed 
computing power while 
remaining completely user 
friendly through its English 
text programming. The 
design includes linear and 
rotational motion control, 
vision systems interfaces 
and communications 
capabilities such as LAN, 
MAP and others. 

This system provides a 
built-in integrated 
programmable logic 
controller (PLC) which 
eliminates the need for 
separate PCs and 
effectively provides total 
control of the workcell. 


Our industrial vision 
system operates much like 
the human eye in that the 
camera is the functional 
equivalent of that organ 
which “sees” products on 
the line in gray-scale. 
Pre-processing is handled 
by the electronic interface 
while the vision controller, 
which is high speed 
multiprocessor based, 
performs the decision 
making processes. AEG 
firmware supports 
applications such as part 
recognition, inspection 
tasks and robot guidance. 
AEG is a worldwide source 
for technological 
innovation in areas which 
include not only robotics 
but, information systems, 
satellites, solar power, 
electronic packaging, 
power semiconductors, 
technical tubes and office 
systems. 


For more information on 
our vision system and prog- 
rammable robot controllers 
contact our Detroit office: 

AEG Corporation 
17177 North Laurel Park 
Drive 

Livonia, Ml 48152 
(313) 591-2233. 

For more information on 
our other high technology 
products contact our 
corporate headquarters: 

AEG Corporation 
Route 22-Orr Drive 
PO Box 3800 
Somerville, NJ 08876-1269 
or call (201)722-9800. 
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2 Robotics and Industrial Management by Eric Mittelstadt 

FEAT UR ES 

6 Solving Disk Certification Problems by Ted Lane 

with a Robotic Workcell and Neil Brumberger 

Defects and errors introduced during the testing of rigid disks are usually detected only after the 
disk has been installed in a drive. An automated testing system can markedly improve quality control. 


10 Modula-2 as a Language by Lewis J. Pinson 

for Robotic Applications 

The intelligent robot is the one that makes its own decisions. This level of sophistication 
requires the development of intelligent software and the intelligent development of software. 


16 Expert Systems: The Cutting Edge by N.S. Rajaram 

of Artificial Intelligence 

Expert systems are a human-machine collaboration for solving problems. Such systems 
can be seen as composed of a team of human experts in a particular field who receive 
assignments from a supervisor and report back their solutions and recommendations. 
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22 A Robot Control System by John L. Michaloski 

Based on FORTH and Barry A. Warsaw 

The interactive, extensible nature of FORTH and the small, manageable size of its routines, 
make the language suitable for robot control. Part of the Automated Manufacturing Research 
Facility at the National Bureau of Standards is currently being programmed in FORTH. 


27 Mobilizing a Robotic Arm by Robert M. Bain 

for 1C Production 

Moving people out of clean room operations can enhance both quantity and quality of 
product yield. A six-axis robotic arm, augmented by a rotational "waist” and mounted 
on a mobile platform, can eliminate many sources of clean room contamination. 


DEPART MENT S 

4 Calendar 

32 In The Robotics Age 

34 New Products 

35 Advertiser Index 

35 Classified Advertising 

About the cover: 1 his month's cover photo, provided by Applied Robotic Technologies, Inc. (ART), depicts 
an IBM 7545 800-S robot adapted for clean room operations. The robot is shown testing rigid disks on a 
ProQuip certifier. ART’s double-sided end effector requires only three seconds or less to remove a tested 
disk from and place an untested disk onto the certifier spindle. The notched jaws below the end effector 
move the cassettes along. See related article on page 6. 
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Editorial 


Robotics and Industrial Management 


The robotics industry finally is coming of 
age. 

That is to say, our accomplishments in this 
decade have given our products such wide 
visibility that they no longer are confused 
with the humanoids of Star Wars and, more 
important, have resulted in what can 
reasonably be described as a mature relation- 
ship with the customer industries. 

When the 1980s began, the general public 
had little knowledge of what an industrial 
robot was, or looked like, or actually might 
be doing in a manufacturing plant. The 
strongest at-large impression was probably 
one of concern that whatever it was the robot 
could do in the workplace, it could do the 
job so perfectly and at such cost savings that 
whole battalions of men and women would 
be displaced from their jobs and turned out 
onto the street. 

While concerns of this sort do not die easi- 
ly and no doubt still bother some people, 


A Guest Editorial by 
ERIC MITTELSTADT, 
President and CEO 
GMF Robotics Corporation 
5600 New King Street 
Troy, MI 48098 


those who are in the best position to know 
(the “displaceable” workers themselves) have 
discovered that the reality is otherwise. 
Rather than losing jobs, automation has 
saved them by making American plants more 
productive and competitive and, therefore, 
better able to stay open. Rather than 
dehumanizing the workplace, robots, by tak- 
ing over the simplest, most tedious, dirtiest, 
and most hazardous jobs, have done the op- 
posite: they have helped employees at the 
low end of the labor ladder upscale their 
working lives, moving them to work 
assignments surely more worthy of human 
capabilities and aspirations. 

When the customer industries— particular- 
ly the automotive— turned to the developing 
robotics industry several years ago, their view 


of it was much more sophisticated, of course, 
than that of the public and their concerns 
were of a totally different nature. Their con- 
cern was that of the businessman who makes 
a substantial investment in a system he needs 
to turn his business prospects around and 
help him bring products to the market on 
a competitive basis— and then worries that 
maybe the system isn’t good enough after all. 
If the plant manager, for example, had a con- 
cern over the coming of automation to his 
production line, it was likely to be based on 
his skepticism about the robots’ ability to 
perform as promised— to weld or seal or 
paint or unload and load a variety of 
machines, or move parts and assemblies 
around as skillfully, dependably, and effi- 
ciently as his employees could do it. 

The customer industries, in short, had to 
be shown. And wanted to be shown. And 
nothing was more important to the develop- 
ing relationship between them and the 
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Our rugged press-at-any-point 
V 2 ” thick mats employ proven reliable 
Tapeswitches. Ideal for all safety appli- 
cations to automatically turn off 
dangerous machinery when stepped 
^ on. May be used normally open 
or fail-safe (supervised) 
circuitry. Made ANY SIZE 
or SHAPE. Waterproof — 
of course. 


Call or write for 
complete details. 
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Engineering and Manufacturing Safety Sensing since 1958 

100 Schmitt Blvd., Farmingdale, NY 11735 • (516) 694-6312 • Telex: 144611 


Share your Ideas 
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Write to: 

Lorraine Cleveland 
Editorial Coordinator 



unusual application of 
an industrial robot? A 
difficult implementation 
problem on your line? 

A customized system 
component? Tell us about it. 

We’re always looking for good, 
solid, technical articles to 
share with our readers. 
Drop us a note with your 
idea, and we’ll send you 
our author guidelines. 
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automation industry— the high-tech suppliers 
of flexible automation systems— than prov- 
ing the capabilities of robotic products on 
the factory floor. This was, after all, the 
whole point. If the automation systems could 
not prove their value there, and at once, that 
might be the ball game. And the World 
Series. 

In recent weeks, major newspaper stories 
in Detroit have revealed that domestic 
automotive manufacturers have made con- 
siderable headway in cost efficiencies, and 
in some small-car categories are threatening 
to wrest price leadership from the Japanese. 
As manufacturers have seen that the robotics 
industry contributes to their competitive ob- 
jectives, their relationships with the robotics 
companies have matured. Along with this 
maturation have come increasing respect and 
support and a better willingness to take the 
robotics company into a kind of working 
partnership. This is particularly important to 
our future and theirs— for the automation in- 
dustry is primarily a solutions industry; the 
key function of the application engineering 
resources provided by the industry is to help 
the end user solve his production line prob- 
lems. But this can work successfully only if 
the end user gives the robotics company’s 
application engineering talent a chance to 
prove what it can do. 

In summary, let it be said that most 
robotics companies today want to be con- 
sidered not just as a supplier, but as a full 
and respected partner in the customer’s 
plans to increase the productivity of his 
plants and the quality of his products. 

I think the robotics industry accepts its 
responsibilities in this relationship. We must 
be able to understand the customer’s pro- 
duction problems and to understand them 
in specific terms. We must be qualified to 
recommend a solution and to provide the 
automation system(s) to create that solution, 
if this serves the customer’s need (and we 
must never suggest a solution that does not 
serve the customer’s need, even if this results 
in advising him to stick with the “hard” 
automation process he is currently using). 
We must plan to maintain our usefulness for 
as far ahead as the customer can see, by mov- 
ing on with our technologies and by pro- 
viding products ever more talented in their 
skills and versatility. We must always be alert 
to ways of finding and marketing new robot- 
ic solutions, so that we can continue to help 
manufacturers become more productive and 
more competitive with the labor-intensive na- 
tions of the world. For the customer’s part, 
it is our hope that he will continue to envi- 
sion the kinds of technologies that will be 
flourishing in the 1990s, and that he will be 
willing and able to implement this vision in 
time to re-secure our manufacturing position 
worldwide. 

Of course, this is a shared responsibility. 
The customers depend on us to develop 


robotics products and systems for use now 
and which will be compatible with the tech- 
nologically advanced manufacturing systems 
developed for the industrial survivors of the 
20th century. We hope that as we honor our 
responsibility to understand the customer’s 
plant systems, to serve him more effective- 
ly, he will educate himself to understand 
ours— so that when our automation products 
are wedded to his systems they can work in 
concert as they are designed to do. We hope 
that management will understand also that 
for the robotics industry to serve end users 
well, now and in the future, with products, 
innovations, flexible systems, and full sup- 
port, the V.P. must acknowledge the impor- 
tance of the supplier’s being financially able 
to commit the necessary resources to those 
ends. 

The historic effort of American industry 
(again, the automotive industry in particular) 
to regain a solid competitive footing in global 
economic give-and-take is well known, and 
it is ongoing history. The dimensions and 
complexity of the effort involved all segments 
of the industrial enterprise: management, 
union leadership and workers, suppliers— 
all had their parts to play in the struggle. The 
robotics segment was the newest player in 
the game— and to that extent probably in- 
spired the least certitude among the other 
participants, particularly, it may be assumed, 
among the various levels of industrial man- 
agement. The robotics industry can be 
credited for having held up its end very well 
indeed. It has justified the confidence of in- 
dustrial managers who believed it could do 
the job in the plants, and it has (we believe 
and hope) eased the concerns of those who 
had some doubts. 

The job, of course, was to improve pro- 
ductivity and quality, to make the customer 
(and the country) more cost efficient. The 
purpose was, and is, to help bring industrial 
leadership back to where it belongs. And 
while major manufacturers might not yet be 
speaking statistically of those increases in 
productivity and quality, their plans to con- 
tinue and expand their uses of flexible 
automation systems speak for them. In short, 
the robotics supplier needs to be profitable 
if he is to be an effective partner. 

The robotics industry is, at this time, the 
most exciting industry in the world because 
there’s so much that we not only can do, but 
must do to ensure that U.S. manufacturers 
realize a better destiny than that reserved for 
second-rate economic powers. We are, I 
think, at a stage now where the right rela- 
tionship of confidence and trust between us 
is becoming a mutually rewarding reality. 
Each of us— industrial manager and robotics 
supplier— must be able to understand the 
other’s problems and goals, and must know 
what has to be done to secure our future. 
If we do not, there may be no old age for 
either of us. ■ 
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Calendar 


MAY 

5- 6. Artificial Intelligence: Into 
the Mainstream. Stamford, CT. 
Contact: Mimi Ford, Gartner 
Group, telephone (203) 964-0096. 

6- 8. Control Expo 86. O’Hare Ex- 
position Center, Rosemont, IL. 
Contact: Tower Conference Man- 
agement Co., 331 W. Wesley St., 
Wheaton, IL 60187, telephone 
(312) 668-8100. 

6- 8. Logistex 86. Cervantes Con- 
vention Center, St. Louis, MO. 
Contact: Logistex 86, 940 Western 
Ave., Pittsburgh, PA 15233, tele- 
phone (412) 323-1808. 

7- 9. Applying Machine Vision to 
the Packaging Process: A Hands- 
on Clinic. Itasca, IL. Contact: 
Joanne Rogers, Special Programs 
Division, Society of Manufacturing 
Engineers, One SME Dr., PO Box 
930, Dearborn, MI 48121, tele- 
phone (313) 271-1500, ext. 399. 

8. The Impact of Artificial In- 
telligence on Business. Loews 
Summit, New York, NY. Contact: 
Kathy Shaw, Office of Continuing 
Education, Worcester Polytechnic 
Institute, Worcester, MA 01609, 
telephone (617) 793-5517. (To be 
repeated 5 June at The Marriot, 
Worcester, MA.) 

12-13. UNIX Operating System 
Seminar. Dallas, TX. Contact: 
Conference Manager, U.S. Profes- 
sional Development Institute, 1620 
Elton Rd., Silver Spring, MD 
20903, telephone (301) 445-4400. 
(To be repeated 19-20 May in 
Boston, MA; 2-3 June in 
Washington, DC; 9-10 June in San 
Francisco, CA; 16-17 June in New 
York, NY; and 23-24 June in 
Chicago, IL.) 

13. Computer Integrated Manufac- 
turing: A Productivity Solution. 
The Marriott O’Hare, Chicago, IL. 
Contact: Kathy Shaw, Office of 
Continuing Education, Worcester 
Polytechnic Institute, Worcester, 
MA 01609, telephone (617) 


793-5517. (To be repeated 6 June 
at The Marriott, Worcester, MA.) 

13-14. Machine Vision: Optics 
and Lighting. St. Louis, MO. Con- 
tact: Joanne Rogers, Special Pro- 
grams Division, Society of Manu- 
facturing Engineers, One SME Dr., 
Dearborn, MI 48121, telephone 
(313) 271-1500, ext. 399. 

13- 15. Electro/86 High Tech- 
nology Electronics Exhibition and 
Convention. Bayside Exposition 
Center, World Trade Center, 
Boston, MA. Contact: J. Fossler, 
Electronic Conventions Manage- 
ment, 8110 Airport Blvd., Los 
Angeles, CA 90045, telephone 
(213) 772-2965. 

14- 16. C Programming Seminar. 
Dallas, TX. Contact: Conference 
Manager, U.S. Professional Devel- 
opment Institute, 1620 Elton Rd., 
Silver Spring, MD 20903, tele- 
phone (301) 445-4400. (To be 
repeated 21-23 May in Boston, 
MA; 4-6 June in Washington, DC; 
11-13 June in San Francisco, CA; 

18- 20 June in New York, NY; and 
25-27 June in Chicago, IL.) 

14-16. Fiber Optics Technology 
for Communications. Contact: Ron 
Donais, The George Washington 
University, Washington, DC 
20052, telephone (202) 676-8523 
or (800) 424-9773. 

15. Flexible Manufacturing Sys- 
tems (FMS). The Marriott O’Hare, 
Chicago, IL. Contact: Kathy Shaw, 
Office of Continuing Education, 
Worcester Polytechnic Institute, 
Worcester, MA 01609, telephone 
(617) 793-5517. (To be repeated 
12 June at the Worcester Polytech- 
nic Institute Campus, Worcester, 
MA.) 

19- 22. 1986 International Tool 
and Manufacturing Engineering 
Conference and Exposition. Phila- 
delphia Civic Center, Philadelphia, 
PA. Contact: Public Relations 
Department, Society of Manufac- 
turing Engineers, One SME Dr., 


PO Box 930, Dearborn, MI 48121, 
telephone (313) 271-0777. 


JUNE 

2-5. VISION ‘86. Cobo Hall, 
Detroit, MI. Contact: VISION ‘86 
Public Relations, Society of 
Manufacturing Engineers, One 
SME Dr., PO Box 930, Dearborn, 
MI 48121, telephone (313) 
271-0777. 

5-6. Second Annual Workshop on 
Robotics and Expert Systems/ 
ROBEXS’86. Gilruth Center 
NASA/Johnson Space Center, 
Houston, TX. Contact: Deborah A. 
Poor, Instrument Society of 
America, 67 Alexander Dr., PO 
Box 12277, Research Triangle 
Park, NC 27709, telephone (919) 
549-8411. 

9-14. Advanced Problems in 
Equipment Maintenance. Bowling 
Green State University, Bowling 
Green, OH. Contact: Dr. Richard 
A. Kruppa, Director, College of 
Technology, Bowling Green State 
University, Bowling Green, OH 
43403, telephone (419) 372-2439. 

17-18. Robotic End Effectors: 
Design and Applications. Detroit, 
MI. Contact: Diane M. Korona, 
Program Administrator, Special 
Programs Division, Robotics Inter- 
national of SME, One SME Dr., 
PO Box 930, Dearborn, MI 48121, 
telephone (313) 271-0039. 

24- 26. Advanced Manufacturing 
Systems. McCormick Place, 
Chicago, IL. Contact: Cahners Ex- 
position Group, 1350 E. Touhy 
Ave., PO Box 5060, Des Plaines, 
IL 60017-5060, telephone (312) 
299-9311. 

25- 27. Twin Cities Tool & 
Manufacturing Engineering Con- 
ference and Exposition. St. Paul 
Civic Center Arena, St. Paul, MN. 
Contact: Public Relations Depart- 
ment, Society of Manufacturing 
Engineers, One SME Dr., Dear- 


born, MI 48121, telephone (313) 
271-0777. 

25-28. CAD and Robotics in Ar- 
chitecture and Construction. Con- 
tact: Viviane Bernadac, Interna- 
tional Institute of Robotics and 
Artificial Intelligence of Marseille/ 
CMCI, 2, Rue Henri Barbusse, 
13241 Marseille CEDEX 1, 
France, telephone (91) 91.36.72. 

27. Flexible Manufacturing Sys- 
tems Workcell Workshop. St. Paul 
Civic Center, St. Paul, MN. Con- 
tact: Society of Manufacturing 
Engineers, Technical Activities 
Dept., PO Box 930, One SME Dr., 
Dearborn, MI 48121, telephone 
(313) 271-1080. 


J ULY 

14-18. Computer Vision and Im- 
age Processing. Chrysler Center 
for Continuing Engineering Educa- 
tion, University of Michigan, Ann 
Arbor, MI. Contact: Engineering 
Summer Conferences, 200 Chrys- 
ler Center-North Campus, The Uni- 
versity of Michigan, Ann Arbor, MI 
48109, telephone (313) 764-8490. 


AUGUST 

18-22. 13th Annual Conference 
on Computer Graphics and In- 
teractive Techniques. Dallas Con- 
vention Center, Dallas, TX. Con- 
tact: SIGGRAPH '86, Conference 
Management, 111 East Wacker 
Dr., #600, Chicago, IL 60601, 
telephone (312) 644-6610. 

20-22. Applying Machine Vision 
to Your Manufacturing Process: A 
Hands-on Workshop. Cambridge, 
MA. Contact: Joanne Rogers, 
Special Programs Division, Socie- 
ty of Manufacturing Engineers, 
One SME Dr., Dearborn, MI 
48121, telephone (313) 271-0039. 
(To be repeated 25-27 August in 
Cambridge, MA, 10-12 September 
in Minneapolis, MN, and 15-17 
September in Minneapolis, MN.) 
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AutoNetics manufactures and 
distributes the Bosch line of 


AutoNetics 
announces a Spectrum of Solutions 
for small parts handling 
and assembly. 


□ Fully programmable assembly 
stations with capabilities that match 

your needs. 

□ Reconfigurable assembly cells 
that can be reused even if your future 
involves radical product changeovers. 

□ Reliable assembly stations that 
work consistently through their long 

service lives and can be serviced 
quickly and economically with 
standardized replacement parts. 


pre-engineered 
handling and 

assembly modules. This proven 
equipment is fully programmable, 
reconfigurable, reuseable, reliable 
and cost-effective. 

This Equipment is Available from 
AutoNetics in Two Ways: 

□ As separate modules which your 
systems integrator can assemble into 
custom cells. 

□ As pre-engineered and pre- 
assembled custom cells ready for your 
systems integrator to link up and 
position along your transport line. 

Either way, your automated 
assembly cells are made up of 
interchangeable, programmable 
modules. The modules range from 
simple pneumatic or electric linear 
slides to Cartesian units and a family 
of SCARA robots. There are 
pick and place modules, 
soldering, screwing and 

A Spectrum of Solutions for Small Parts Assembly 


gluing modules and a variety of 
adapter plates to provide exactly the 
movement orienta- 
tions you require. 
A full spectrum of 
automated handling and assembly 
products, all available off-the-shelf 
using a simple ten-digit ordering 
code. 

And because the modules are 
standardized manufactured items, 
they are highly reliable and service- 
able... a fact proven through years of 
use. 

AutoNetics provides expert 
application engineering services to 
support the selection, specification, 
custom configuration and assembly 
of this equipment. 

For a closer look Atff a 

at our Spectrum 
of Solutions, write sg 
AutoNetics, 

PO. Box 373, i fi- 
st. Joseph, 

Mi 49085. *** 
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Solving Disk 
Problem 
Robotic 


Ted Lane 

and 

Neil Brumberger 

Applied Robotic Technologies, Inc. 

1 40 J Mason Circle 
Concord, CA 94520 

Testing is typically the last process per- 
formed on a rigid disk before it is installed 
in a disk drive. Defects and errors in- 


troduced during the testing process are 
usually detected only after the disk is in- 
stalled; the cost of mistakes is therefore 
many times that of the disk itself. Simple 
timing studies sometimes indicate that 
automated disk certification does not in- 
crease overall throughput. Experience, 
however, makes it clear that human out- 
put is not constant. Although human in- 
spectors often match the output of auto- 
mated systems for short periods, over the 


course of time the consistent work of ro- 
botic systems pays off in increased quality 
control. 

The DC Series disk certification workcell 
(Photo 1) was developed for automated 
burnishing, glide testing, and certifying of 
5-1/4 in. and 3-1/2 in. rigid disks. Cell com- 
ponents are an Intelledex Model 605 or 
IBM Model 7545-800S robot with an Ap- 
plied Robotic Technologies end effector, 
Fluoroware cassettes, and an IBM/PC XT 
or AT controller. The robotic arm services 
a combination of from three to five bur- 
nishers and/or certifiers; a guideway system 
presents the cassettes to the arm. Bur- 
nishing typically takes from 15 to 60 
seconds, and certification from 60 to 120 
seconds. 


MATERIALS FLOW 

The flow of material through the cell 
consists of two primary streams, disks and 
cassettes, and employs A.R.T/s double- 
sided end effector for speed and efficien- 
cy. On cell startup the robot picks an 

Photo 1. The DC Series disk certification 
workcell consists of an Intelledex Model 605 or IBM 
Model 7545-800S robot with an Applied Robotic 
Technologies end effector, Fluoroware cassettes, and 
an IBM /PC AT or XT controller. 
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Certification 
s with a 
Workcell 


untested disk out of a cassette in the 
delivery guideway, places it on the spin- 
dle of the first certifier, and initiates 
testing. It repeats the operation for the re- 
maining certifiers. When disks have been 
positioned on all the certifiers, the control 
program uses an adaptive algorithm to 
predict which certifier is most likely to 
become available first and takes another 
disk from the delivery cassette to that 
certifier. 

When a certifier has completed its 
testing, it signals its availability and pro- 
vides test results to the control program. 
The robot then services that certifier by 
picking up the tested disk with one set of 
jaws on its end effector and replacing it 
with an untested disk, using the other set 
of jaws. The robot places the tested disk 
in the appropriate grading cassette accord- 
ing to the information communicated by 
the certifier, takes another untested disk 
from the cassette, and services the next 
certifier. The double-sided end effector 
reduces the amount of dead time per cer- 
tifier between tests. As cassettes of 

Photo 2. The double-sided end effector uses one set 
of grippers to place an untested disk onto the spin- 
dle and the other set to place a tested disk into a 
removal cassette. The end effector also provides the 
ability to move the cassettes through the workcell. 


untested disks are emptied, the robot 
removes them from the input guideway 
and puts them into one of the grading 
guideways. As the grading cassettes are 
filled, the robot puts them onto the 
removal guideway, thus controlling the 
flow of both disks and cassettes through 
the workcell. 

Delivery of untested disks and removal 
of graded disks is required approximately 
once per hour. The cell is able to handle 
two different types of cassettes, one for 


delivery and one for grading and shipment. 
Using high-speed serial communications 
channels, the robot controls the sequence 
of each tester and captures all the test 
results for each disk. Based on the test 
results, the robot places each disk into one 
of up to 16 different grading cassettes 
(Photo 2). 

An integrated bar code reader allows the 
robot control computer to identify the 
serial number of each cassette as it is 
presented to the workcell, trace the flow 
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of disks and cassettes throughout the 
workcell, and provide timely and com- 
prehensive production data. The reader 
reports the identity of each incoming 
cassette to the controller, and as disks are 
tested and graded the complete test history 
can be captured and retained in a database 
for off-line analysis and reporting. The 
database contains the incoming cassette 
number and slot number for each disk, the 
time of its testing, the burnisher or cer- 
tifier on which it was tested, the serial 
number and slot number of the grading 
cassette in which it was placed, and the 
complete test results. 


THE END EFFECTOR 

Each of the two sets of jaws contains an 
infrared sensor that senses the edge of a 
disk. When the end effector is positioned 
to pick up a disk from either a cassette or 
a certifier spindle, the sensor indicates 
whether the disk is actually present before 
the end effector attempts to grasp it. This 
arrangement gives the robot (when it is 
working out of a cassette) the ability to 
search for disks irregularly placed within 
a partially filled cassette. The robot can 


The cost of defects 
and errors introduced 
during the testing 
process is many 
times that of 
the disk itself. 


also verify that a certifier spindle is clear 
before trying to load a disk onto it. 


THE OPERATOR INTERFACE 

The operator interfaces with the robotic 
system via the host computer, using a 
keyboard and CRT for cell startup and 
shutdown, notification and response pro- 
cessing of operator attention (OA) condi- 
tions, and reporting cell production. An 
OA occurs whenever the control program 
detects a need for human intervention or 
assistance. If the supply of untested disks 
is exhausted, for example, an OA is gen- 
erated requesting that a delivery guideway 


be loaded with more cassettes. If a disk is 
left on a certifier after routine main- 
tenance, the OA asks that the disk be re- 
moved since it might not necessarily be a 
production disk. 

Production is reported on the CRT for 
all cassettes in the workcell and for all pro- 
duction during the current and the pre- 
vious three shifts. Production statistics in- 
clude analyses of product yield and grading 
distribution by shift, cassette, and certifier. 
A printer provided with the host computer 
allows this information to be recorded in 
hard copy form. A production log is main- 
tained on a diskette for each disk proc- 
essed; the log contains the source cassette 
serial number and the slot number of each 
disk, the data and time of testing, the cer- 
tifier it was tested on, the disk grade, the 
grading cassette’s serial number and slot 
number of the disk, and a summary of 
critical test results as reported by the cer- 
tifier. The host computer’s CRT can also 
produce graphic displays of cell produc- 
tion and yields. 


ON-LINE PROCESS CONTROL 

A fixture containing calibration disks 



Dynapace 


2251 S. Foster Avenue Wheeling, IL 6009' 
312-398-5757 


WE CONVEY PRODUCTIVITY 


employee a fighting 

chance.. ■ to pay you back for all the time and 

money invested in bringing him into your workforce. 

Dynapace Corporation has designed and fabricated a family of computer 
controlled material handling modules that are fully compatible with most types 
of assembly robots. Our 303-3X power and free conveyors have increased 
product throughput rates, reduced reject levels and successfully interfaced to 
both human and robot workers. 

Call us to find out how our 303-3X units can simplify all your PCB handling, 
testing, repair operations and maximize the efficiency of your steel collar employees. 


We design and build tomorrow into our products today. 
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can also be included in the workcell. If the 
tester has an automatic recalibration capa- 
bility, the robot can place a calibration disk 
on the spindle and initiate recalibration, 
either at periodic intervals or by operator 
request. The workcell also keeps track of 
the yield from each cassette and certifier 
and can be programmed to detect abrupt 
changes in yield and to determine if the 
problem is with a specific cassette or cer- 
tifier and alert the operator accordingly. 

Many production facilities are installing 
factory-level management computer sys- 
tems to provide data collection and report- 
ing capabilities for all stages of manufac- 
turing. The workcell host computer can 
support high-speed communications to 
such a system and report detailed infor- 
mation on the testing of each disk proc- 
essed as well as summary information of 
overall workcell production. The workcell 
control program includes the following 
capabilities and specifications: 

• It incorporates the disk and cassette 
flow, dictated by the grading bins and 
delivery and removal guideways. 

• It minimizes the communication time- 
out delays and provides an efficient 
way for the robot to poll the status of 
each certifier. 

• It allows any tester to be taken off line 
or to E-stop without affecting produc- 
tion by the rest of the cell. Once the 
condition has been corrected, the cer- 
tifier can be put back on line without 
interrupting production. When this 
procedure is carried out, the robot will 
confirm that a disk is in place on the 
certifier spindle and will retest it. If no 
disk is present, the robot will put an 
untested disk on the spindle to initiate 
testing. 

• A binning algorithm will use the data 
grade, servo grade, parametric results, 
and autofail status as reported by the 
certifier to determine the appropriate 
bin for each tested disk. 


THE HOST COMPUTER PROGRAM 

This program includes a boat summary 
display that shows the count and percent 
yield by bin for each source cassette 
number for the current shift. The display 
includes the cell ID, the time and date the 
cassette’s testing was completed, the total 
number of disks in the cassette, and the 
arithmetic averages for the amplitude, 
resolution, and overwrite parametrics for 


Table 1 

Manual vs Automated Disk Testing 


Manual 

Automated 

Yield 

Output 

Yield 

Output 

Package/Ship 

95% 

50,000 

98% 

50,000 

Certify 

75% 

52,631 

85% 

51,020 

Burnish 

80% 

70,175 

90% 

60,024 

Starts Required 

— 

87,719 

— 

66,693 


the upper and lower surfaces of all disks. 
This data is displayed in chronological 
order, and the operator can scroll forward 
and backward through the list and select 
a cassette number for display. 

A certifier calibration menu allows the 
operator to monitor and modify the 
calibration cycle on each certifier. The 
menu displays the calibration interval for 
the workcell and the number of disks un- 
til the next calibration for each certifier. 

Also included in the program is a prod- 
uct binning menu that allows the operator 
to review and modify the values used by 
the binning algorithm in the workcell. 
When the workcell is started up, the 
operator indicates the name of the specific 
product binning data file to be used; the 
program then downloads the binning para- 
meters to the workcell as required. This 
menu contains a table for determining the 
product bin, based on the autofail 
character. One bin can be specified for 
each non-zero autofail character. A second 
table establishes the parametric values 
used to determine the parametric grade. 
It contains four columns, one for each 
grade, and five rows, one for each value. 
A third table determines the product bin, 
based on the combined parametric grade 
and defect grade. It contains four columns, 
one for each parametric grade, and up to 
25 rows, one for each data grade and servo 
grade combination. 


USER BENEFITS 

The DC Series disk certification workcell 
offers significant advantages over manual 
processes. The most important are these: 

• Virtual elimination of human handling 
damage. Human handling damages up 
to 25 percent of production output, a 
problem overcome by automated bur- 
nishing and certification. 

• Consistent product quality. Over the 
course of time, robotic output is more 
consistent than that of humans. 


• Reliable, trouble-free operation. The 
DC Series uses simple, production- 
proven hardware that requires little 
maintenance and that is designed for 
24-hour-per-day continuous operation. 
Minor maintenance and inspection of 
testers and certifiers can be performed 
without interrupting the workcell’s 
production. 

• Compact, modular design. The cell 
allows the addition or reduction of 
testers and grading positions without 
cell redesigns or system downtime. 
The entire workcell, including four 
testers, occupies less than 75 ft 2 of 
floor space. 

• Lower production cost. Reliable, high- 
volume production, consistent product 
quality, and reduced handling damage 
all contribute to lowering the overall 
manufacturing cost of rigid disks. 

Table 1 illustrates some of the benefits 
of automation. 


SUMMARY 

Some manufacturers have gone offshore 
to reduce labor costs only to find that in- 
creased inventory and additional freight 
costs and duty plus the labor and curren- 
cy stability in a foreign country can offset 
the anticipated savings. Robotics addresses 
the problem of high labor costs and offers 
the additional advantages of rapid local 
response to technical issues and potentially 
greater savings through improved quality 
and yield. 


Ted Lane is President and Neil Brumberger is Vice 
President of Applied Robotic Technologies, Inc. 


Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 

1 11 21 
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Modula-2 as a 
Language for 
Robotic Applications 


Lewis J. Pinson, Ph.D. 

SMR Associates 
PO Box 8028A 
Colorado Springs, CO 80933 


Table 1 

The Robot Abstraction: objects 

The robot abstraction consists of the objects that are a part of any robotics system and 
the operations that can be performed by or on those objects. The objects will' be repre- 
sented by data abstractions and the operations will be represented by process abstrac- 
tions. Binding of objects and operations is an essential step in the robot abstraction 
definition. 


Objects 


1. Sources 


2. Sensors 


3. Mechanical 

a. Optical Illuminator 


a. Passive Imaging Sensor 


a. Robot Body/Base 

b. Laser 


b. Active Imaging Sensor 


b. Head/Sensor Platform 

c. Active End Effector 


c. Passive Acoustic Sensor 


c. Arm(s) 

-spray painter 


d. Acoustic Ranging Sensor 


-shoulder link 

-welder 


e. Optical Ranging Sensor 


-elbow link 

-vacuum gripper 


f. Tactile Array 


-wrist link 

-machining tool 


g. Force/Torque Sensor 


d. End Effector 

d. Acoustic Voice Box 


h. Accelerometer 


e. Other 

e. Communicator 


i. Limit Switch 



f. Microwave 


j. Microwave Sensor 



g. Other 


k. Microwave Imager 





1. Inertial 





m. Communicator 




4. Processors 


5. Executive 


6. Intelligence 

a. Image Processors 


a. Master Sequencer 


a. Pattern Matching 

-smoothing 


b. Sensor Executive 


b. Decision Logic 

-sharpening 


c. Mechanical Executive 


c. New Conditions Logic 

-segmentation 


d. Processor Executive 


d. Instruction Decoder 

-thresholding 


e. Intelligence Executive 


e. Language Parser 

-registration 


f. Safety & Failsafe Executive 



b. Signal Conditioning 





c. Coordinate Extraction 





d. Range Computation 





e. Control Equations 





f. Voice Recognition 






A primary factor in the development of in- 
telligent robotic systems is the supporting 
software. Intelligent software development 
includes both the intelligent development 
of software and the development of intel- 
ligent software. Modula-2 offers tools and 
features that enhance both these areas. 


SOFTWARE DEVELOPMENT FOR 
INTELLIGENT ROBOTIC 
APPLICATIONS 

If we are to discuss “intelligent’' robotic 
applications, we need to provide some 
ground rules for what is meant by intelli- 
gence. Intelligence is a human character- 
istic that has many and varied definitions. 
Further, it has different connotations that 
arise from our individual experiences. It 
is something thought to be inherently 
good, and having a lot of it is desirable. 
However, we find it difficult to accurately 
define and very difficult to measure, and 
experimental methods for enhancing in- 
telligence have met with limited and ques- 
tionable success. Even so, we seek to pro- 
vide artificial intelligence to robotic 
systems. In order to do this, we must find 
ways to describe and quantify intelligent 
features. These intelligent features are 
then provided to the robotics system in the 
form of computer software and hardware 
components. Specifically, the intelligent 
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robot has the ability to learn, to apply the 
rules of logic or some other method for 
making new decisions and testing their 
validity. The intelligent robot has sophis- 
ticated and controllable sensors for gather- 
ing information about its environment. 
The distinguishing feature of the intelligent 
robot is that it makes its own decisions. 

Today’s not-so-smart robotic systems are 
suitable for applications where the motiva- 
tion is not intelligence but rather econo- 
mics, safety, productivity, or quality con- 
trol. There are robotic systems with vary- 
ing levels of intelligence that require soft- 
ware control. The goal for future robotic 
systems is to incorporate features so that 
they will: 

• accept natural language instructions 

• understand voice input 

• have visual discrimination 

• be capable of intelligent motion and 
learning 


The distinguishing 
feature of 
the intelligent 
robot is that 
it makes its 
own decisions. 


• be self-maintaining, and have adaptive 
computer assisted instruction capabili- 
ties 

Intelligent software development can be 
described in terms of two related but dis- 
tinct methods: the development of intelli- 
gent software and the intelligent develop- 
ment of software. The first method in- 
cludes software components that perform 
operations resembling intelligent decision 
making. Typically the methods of artificial 
intelligence, knowledge representation, ex- 
pert systems, and knowledge acquisition 
are used to describe these software com- 
ponents. Although LISP and PROLOG are 
thought of as the languages used for in- 
telligent software, it is certainly possible 
to use other languages to implement such 
software. 

The second method is a function of the 
software developer in specifying, design- 
ing, and implementing a particular soft- 
ware system. It implies intelligent applica- 


tion of principles and tools, and the suc- 
cess of this method is enhanced if the 
developer has the means of making the 
process a more logical, high-level activity 
that resembles human intelligence. 

Historically, the most expensive compo- 
nent of the software life cycle has been 
maintenance. The initial conception of 
what a software system should do and how, 
formulated in the specification and design 
steps, invariably undergoes many changes 
during the life of the software. Mainte- 
nance includes changing the implementa- 


tion details to reflect these new design 
philosophies. A major problem with many 
computer languages is that even small 
changes in one part of the software system 
can have serious and negative effects on 
other parts. The maintenance problem is 
greatly reduced by good software engineer- 
ing principles such as abstraction, problem 
decomposition, modularity with carefully 
protected interfaces, and object-oriented 
design. Languages that support these prin- 
ciples reduce maintenance costs and in- 
crease flexibility for robotic applications. 




Design for Application 


Subsystems — Assemblies — Test Equipment 


Vernitron Control Components, 
with its extensive experience and 
background in the design and pro- 
duction of standard QPL synchros, 
offers an expanded range of design 
and manufacturing services for a 
wide spectrum of product and 
application areas: 

State-of-the-art 10-second Pan- 
cake Resolvers and 15-second 
Resolver to R/D Converter 
Subsystems with 20 bits of 
resolution. 

MIL-C-24105 Synchro Signal Con- 
verters and VS-186 type Synchro 
Signal Converter Centers in 
either solid state or electro- 
mechanical formats. 


The Torqsyn® Remote Positioner 
and Torqsyn® Indicators now 
include the Digital Torqsyn®, 
capable of converting 16-bit digi- 
tal input to output shaft position 
within 10 minutes of arc accura- 
cy — ideal for interface with 
computer-based control systems. 

Assemblies for Heading, Range 
and Bearing Indicators including 
Dummy Directors and Test 
Equipment for the Trident class 
submarine, and other military 
applications. 


Call or write today for additional in- 
formation or application assistance. 


VERNITRON CONTROL COMPONENTS 

A Division of Vernitron Corporation 
f 1601 Precision Park Lane 

( ) San Diego, CA 92073 

y Tel: 619-428-5581 
TWX: 910-322-1862 
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Table 2 

The Robot Abstraction: operations 

1 . For each object in the robot abstraction we must define the appropriate operations that can be performed by that object or that 
can be performed on that object. 

2. For each object there will be a number of operations that must be defined. 

3. The following is an example of the kinds of operations that may be defined as part of the robot abstraction (for selected objects). 


Object: Imaging 
Sensor 


Object: Laser 

Operations 


Operations 

a. Freeze Frame 


a. Power On 

b. Transfer Image To 


b. Set Continuous 

c. Change Aperture 


c. Set Pulse Mode 

d. Select Pixel 


d. Set Pulse Rate 

e. Initiate Scan 


e. Initiate Laser 

f. Special Features 


f. Pause 

-shading correction 
-frame average 
-threshold image 


g. Power Off 


DESIRABLE FEATURES OF 
A ROBOTIC LANGUAGE 

The wide variety of the components of 
a robotic system makes it more difficult to 
develop a single software environment suit- 
able for general application. 

These differences have led to a prolifera- 


Object: Arm 


Processor: Signal 



Condition 

Operations 


Operations 

a. Get Position of Wrist 


a. Get Signal From 

b. Current Coordinates 


Buffer 1 

c. New Coordinates 


b. Lowpass Filter 

d. Select Motion Type 


c. Highpass Filter 

e. Move To New 


d. Remove Mean 

Coordinate 


e. Scale Signal 

f. Move Relative 


f. Remove Noise 

Position 


g. Store in Buffer 2 


tion of robot languages: in fact every arm 
has heretofore had its own control lan- 
guage. As robotic applications become 
more widespread, standardization should 
result in a more consistent set of arm 
movements and control modes. Clearly, a 
software development environment should 
be adaptable to such standardization with 


Executive: Sensor 
Executive 


Intelligence: 

Decision 

Operations 


Operations 

a. Select Sensor 


a. Heuristic Decision 

b. Select Command 


b. Minimum Distance 

c. Execute Command 


c. Best Match 

d. Verify Execution 


d. Bayes Decision 

e. Neyman-Pearson 

f. Minimum Error 

g. S.W.A.G. 


minimal maintenance costs. 

There are between 16 and 20 specific 
“robot languages” in existence, with vary- 
ing feature sets and levels of sophistica- 
tion (1,2). These languages are in many 
cases based on either extensions or sub- 
sets of existing languages such as Pascal, 
APL, BASIC, and C. Some of the robot 


LINEAR MOTION 
FOR ROBOTS 



AUTOMATION GAGES OFFERS BALL AND ROLLER 
SLIDES, POSITIONING TABLES IN ALL SIZES. 


SLIDE SELECTION: From miniature J series with .5 
inch travel up throush K, L, M, and X series with 
15 inch travel, AG has the size you need for 
heavier loads. Series K, L, M, and X are also avail- 
able as cross roller slides. The larse selection, 33 
Ball Slides and 30 Roller Slides, permits load 
ranse to vary from 12 to 900 pounds. 

STAGE SELECTION: Automation Gases produces 
high precision positionins stases with 2, 4, and 6 
inch travels, driven by centrally located precision 
hardened lead screws. Each model has five 


series, with incremental moves of .0001, .0002, 
.00025, .0005 and .001 when driven by a 
stepper motor with 200 steps per revolution. 
Load capacity of a sinsle or X-Y positionins stase 
is 150 pounds. Optional slass scales are offered 
when required. 

PRECISION: Straishtness of travel is certified to 
be .0001 per inch of travel for all models of Ball 
or Roller Slides. 

PERFORMANCE: For optimum performance and 
Ions life, we use hardened steel rods # RC58-60 
and class 25 precision ball bearinss. To insure 
consistently smooth travel, every linear slide has 
a sinsle wedse adjusted by one set screw for 
liSht or heavy preload. 

AVAILABLE: All models are available from stock 
for fast delivery. 

SPECIALS: Automation Gases offers expert 
service for custom applications, desisned and 
built to your specifications. 


AUTOMATION GAGES INC. 

850 Hudson Ave., Rochester, NY 14621 (716) 544-0400 

OR SEE US IN IHQK^CAT 

TO ORDER, OR FOR INFORMATION, CALL AUTOMATION GAGES 
AT 1-800-922-0329. IN NEW YORK STATE, CALL 716-544-0400. 
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languages are low-level, requiring pro- 
gramming on the microprocessor or primi- 
tive motion level. Those based on the 
higher-level languages provide task- 
oriented commands. The trend in new 
robot languages seems to be toward block- 
structured languages— such as JARS (2) 
and Karel (3)— with commands that have 
physical meaning to the program devel- 
oper. 

From a review of various articles com- 
paring robot languages it is obvious that 
there is no clear comparison criterion, nor 
is there any way to state that one language 
is always superior to another. Perhaps 
what is needed more than another robot 
language is a “software environment” for 
developing robotic software systems. This 
software environment should be able to ac- 


Perhaps what is needed 
more than another 
robot language is a 
“software environment” 
for developing robotic 
software systems. 


cess desirable features of a number of lan- 
guages. 

A list of desirable features for a robot 
control language has been set forth in (1), 
and can be summarized as follows: 

• powerful software development en- 
vironment 

• extensibility for addition of new fea- 
tures 

• sufficient and clear constructs 

• efficiency 

• interaction with I/O devices 

• easy access to the computer hardware 

• concurrent operation 

• clarity, simplicity, and unity of concept 

• decision making capabilities 

• interaction with the world model of a 
robot system 

Certain features are more valuable than 
others, in that their very existence provides 
a mechanism for developing the others. 
Modula-2 does not include commands for 
robotic application, but they can be 
created by the software developer through 


“intelligent” designing of the library 
modules that support the robotic system. 

In software engineering terms, when 
starting with an adequate software develop- 
ment environment it is feasible to define 
and implement a “robot abstraction” us- 
ing object-oriented design, top-down meth- 
ods, and modularity with protected inter- 
faces. Proper design of the modules makes 
it possible to choose only the data and 
functional abstractions needed for a par- 
ticular robotic application. The underlying 
software environment could be Modula-2 
or another high-level environment such as 


Ada or UNIX. 

Another feature the language should 
provide is a convenient mechanism for 
making the transition from off-line soft- 
ware development and testing through 
hardware simulation to on-line control of 
actual robotic system hardware. It is un- 
likely that expensive robotic hardware will 
be used for software development and test- 
ing except as a final step. Most robotic 
software systems will therefore be devel- 
oped off-line and tested through simula- 
tion. The transition from off-line to on-line 
should be as smooth as possible. 


The Amazing A-BUS 

Hobbyists, Engineers, Scientists, OEMs, 
and universities, the A-BUS is for you! 

What is the A-BUS? The A-BUS is the best way to connect a variety of Input and 
Output cards (such as analog converters, relays, sensors, motor controllers, etc.) to 
your computer. 

A typical A-BUS system consists of: • An Adapter Card and a Cable to convert your 
computer to the A-BUS standard «The A-BUS motherboard, with several slots in 
which you plug the different Input and Output cards • Your choice of cards listed 
below to fit your application. (Many more cards will be released soon.) 

The “A” stands for Amazing, and here is why: 

The A-BUS is designed to work with many different computers: IBM PC, XT, AT; 

Apple M’s; and TRS-80 Models l,lll,4,4P,4D,1 00,1 000. Should you ever move to 
another system, your investment is protected. Only the low cost adapter card has to 
be changed ! 

The system is expandable to meet current and future needs easily. Motherboards 
can be daisy chained for up to 20 cards. 

Low cost and reliability will ensure your project success. 

A-BUS Adapter for IBM’s and compatibles. Uses one short slot AR-1 33.. .$69 

A-BUS Adapter for Model I Plugs into 40-pin I/O card edge (on KB or E/I) AR-1 31 ...$39 

A-BUS Adapter for Models 3,4,4P,4D Plugs into 50-pin I/O bus. AR-1 32. ..$49 

CABLE (3 ft.) to connect computer to A-BUS. One requiredforeach system. CA-163...$29 

A-BUS Motherboard, for up to 5 cards (not needed if using only one card) 

Includes sturdy anodized aluminum frame and card guides. MB-1 20.. .$95 

MANUAL All the A-BUS products include a detailed user's manual. 

A-BUS Relay Card: RE-1 40.. .$1 29 

This industrial grade output card includes 8 relays. (Contact rated 3 Amp @ 1 25V) All 
the decoding necessary is included which means that you can connect up to 64 cards 
(which is 51 2 relays.) Easily controlled using “OUT’ commands. For example OUT 1 ,0 
turns all the relays off on card #1 . Eight LED’s show the states of the relays. 

A-BUS Isolated Digital Input Card: IN-1 41. ..$49 

This optically isolated input card makes it safe and easy to connect external devices 

(switches, thermostats, keypads) to your computer. Simple INP commands read the 
status (ON or OFF) of the eight inputs. Inputs can be Voltage (5-24V), Current (5-1 OmA), or 
switch closure. Full address decoding allows up to 64 input cards (that's 51 2 channels) 
per computer. 

A-BUS Analog Input Card: AD-1 42. ..$1 1 9 

8 channel 8 bit Analog to Digital converter. Your computer can read voltages, 
temperatures, pressures, light levels, etc. • Input range: 0 to 5.1 Volts. • Resolution: 

20mV. • Conversion time: 1 20 microseconds. In BASIC, you can take up to 1 00 readings 
per second. • Port address: selectable. Up to 64 Analog-80’s can be connected to your 
computer for a total of 512 channels ! 

An optional Amplifier board can be added to read millivolts: AM-169 $29 

A-BUS Dual Stepper Controller: ST-1 43. ..$69 

Don’t be afraid of stepper motors anymore. The special package (below) includes 
everything you need to get familiar with steppers: • Controller card drives 2 steppers 

(1 2 V bidirectional) ST-1 43.. .$69 • Stepper: 48 steps per revolution, up to 300 steps/ 

second, %” shaft. MO-1 03...$1 5 • Power supply PS-1 26...$1 0 

Special Package: Controller, two steppers and power supply: PA-181 $99 

SPECIAL Steppers: MO-103... 4 for $39 

1 2 V, unipolar, 7.5°, 36 ohms, V*” shaft, 300 steps/second. Copal mfg model SP-57, same 
as Airpax K82701-P2. Regularly $15 each. 
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THE ROBOT ABSTRACTION 

Abstraction is a process that allows us 
to develop very complex software (and 
hardware) systems at a high level without 
getting bogged down in implementation 
details. The development of an informal 
strategy for the “robot abstraction” and 
identification of the data abstractions (ob- 
jects) and functional abstractions (opera- 
tions on or by those objects) that should 
be a part of it are the most important tasks 
of defining a working software develop- 
ment system for robotic applications. 

Definition of an informal strategy implies 
that a specific computer program solution 
is sought. That is, a particular robotic ap- 


plication is being considered. To keep this 
discussion more general, we will pass over 
the informal strategy and attempt now to 
identify a number of objects and actions 
that would be required to solve a variety 
of robotics software problems. 

Table 1 lists objects that may be part of 
a general robot abstraction, and Table 2 
shows examples of some data abstractions 
(objects) and corresponding functional ab- 
stractions (actions) that could be devel- 
oped as part of the robot abstraction. Each 
object could be represented by a separately 
compilable module as one component of 
the robotic software system. An applica- 
tions program would then import only the 
needed abstractions. 


Each module in the robot abstraction 
consists of two parts: an interface defini- 
tion given by a definition module, and im- 
plementation details given by an imple- 
mentation module. This separation of the 
definition and implementation of software 
components is one of the strongest fea- 
tures of Modula-2. It offers easy extensibili- 
ty of the language, provides a high-level 
approach to designing new software com- 
ponents, and provides carefully protected 
interfaces that minimize fallout effects of 
changes in a software system. 

Additional details on how modules that 
are part of the robot abstraction are de- 
veloped and used are given in Listing 1, 
which defines the objects and operations 
that are to be a part of the robot arm. 
Three objects are defined: “robotarm” (the 
robot arm), “armcoords” (the coordinates 
of the end of the arm), and “motioncode” 
(a code that identifies a particular mode 
of movement available for the specific 
robot arm). The initialize procedure 
returns a unique device code for the arm. 
A software system controlling more than 
one arm would have different device codes 
for each. The CalibrateArm procedure 
allows specification of coordinate zero, 
coordinate system, and physical para- 
meters for the arm. The remaining func- 
tional abstractions require that the device 
code be an input parameter. 

In order to use the abstractions provided 
by RobotArm, a software developer need 
only import those features that are to be 
used. Listing 2 illustrates the use of 
selected features of RobotArm. Both the 
definition module for RobotArm and the 
program module “testarm” are compilable 
entities. At this point, none of the im- 
plementation details for RobotArm are 
required. 

The interface and use of RobotArm are 
illustrated as independent of the im- 
plementation details; the conceptual de- 
sign can proceed without these details, but 
they must be provided prior to execution 
of the test program. In the Modula-2 soft- 
ware environment, neither of the above 
two modules needs to be recompiled as the 
implementation details are developed. 

The implementation details may include 
low-level features for convenience and ef- 
ficiency, as well as the standard high-level 
constructs that are part of the language. 
Modules may be implemented in other lan- 
guages as long as there are adequate 
hooks into those languages from the 


Listing 1 

Definition Module for the “RobotArm” Abstraction 

DEFINITION MODULE RobotArm; 

EXPORT QUALIFIED 

(# type #) robotarm, armcoords, motioncode, 

(* proc #) initialize, CalibrateArm, CurrentCoordinates, 

SetCoordinates, SelectMotionType, MoveTo, 

MoveRelative; 

TYPE robotarm; (* An opaque type representing the object: robot arm *) 

TYPE armcoords; (# Opaque type representing coordinates of arm end #) 

TYPE motioncode; (* Opaque type representing various motion modes *) 

PROCEDURE initialize 

( VAR arm : robotarm (# out #) ); 

(# Sets 'arm' to the device code of the robot arm. Must be called prior to 

any other operation on the robot arm. #) 

PROCEDURE CalibrateArm 

( arm : robotarm (# in #) ); 

(* Setup procedure for initializing coordinate zero and establishing physical 

parameters for the robot arm. #) 

PROCEDURE CurrentCoordinates 

( arm : robotarm (# in *) ) 

: armcoords; 

(# Returns coordinates of the robot 'arm' end relative to zero. *) 

PROCEDURE SetCoordinates 

( VAR newcoords : armcoords (# out #) ); 

(# Returns valid coordinates relative to zero. #) 

PROCEDURE SelectMotionType 

( arm : robotarm (* in *) ) 

: motioncode; 

(# Returns 'motioncode' from those available for robot 'arm' #) 

PROCEDURE MoveTo 

( arm : robotarm (# in #); 

code : motioncode (# in #); 
newcoords : armcoords (# in #) ); 

(# Move 'arm' end to position 'newcoords' relative to zero. *) 

PROCEDURE MoveRelative 

( arm : robotarm (# in *); 

code : motioncode (# in *) ; 
coordshift : armcoords (# in #) ); 

(* Move end of robot 'arm' by 'coordshift' relative to current position. *) 

END RobotArm. 
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Listing 2 

Test Program For Abstraction “RobotArm” 

MODULE test arm; 

FROM RobotArm IMPORT 

(* type *) robot arm, armcoords, motioncode, 

(* proc *) initialize, Calibrate Arm, CurrentCoordinates, 
SetCoordinates, SelectMotionType, MoveTo, 

MoveRelative; 

VAR 

coordinates : armcoords; 
motion : motioncode; 
thisarm : robotarm; 
coordshift : armcoords; 

BEGIN 

initialize ( thisarm ); 

CalibrateArm ( thisarm ); 

SetCoordinates ( coordshift ); (* Specify a coordinate shift #) 
coordinates : = CurrentCoordinates ( thisarm ) : 
motion : = SelectMotionType ( thisarm ) ; 

MoveRelative ( thisarm, motion, coordshift ) ; 

(* Move the arm by ’coordshift' relative to current position *) 
MoveTo ( thisarm, motion, coordinates ) ; 

(* Move the arm back to original position *) 

END testarm. 


Modula-2 environment. Such hooks exist 
for machine language and assembly lan- 
guage; they could be added for C or other 
efficient languages. Additionally, abstrac- 
tions from library modules may be im- 
ported for use by the RobotArm module. 

Successful development of a software en- 
vironment for robotics applications 
depends in great part on the judicious 
definition of the software components that 
should be a part of it. That is, the data and 
functional abstractions that represent the 
objects and actions of the robot hardware 
must be carefully defined. Modula-2 pro- 
vides an environment for developing in- 
telligent software using intelligent meth- 
ods. 
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Expert Systems: 
The Cutting Edge 
of Artificial Intelligence 


The study of artificial intelligence (Al) en- 
compasses an extremely broad range of in- 
quiry. For the most part, however, the 
public, the press, business, and industry 
seem to regard expert systems as AFs only 
manifestation. In an earlier article 
(Robotics Engineering , January 1986) I in- 
dicated that AI applications fall into two 
broad categories: problem solving and 
decision making systems, and intelligent 
communication systems. Expert systems 
fall under the former category, while 
speech, natural language understanding, 
and computational vision systems fall in- 
to the latter. Expert systems truly repre- 
sent the cutting edge of AI, for it is to this 
technology that industry is looking for 
resolving bottlenecks in manufacturing 
operations. But more important, expert 
systems, and AI in general, bring us to the 
threshold of the next major cycle of pro- 
ductivity gains and can help bring about 
the “intelligent factories’’ of the postin- 
dustrial society of the future. The current 
phase of computerization in manufactur- 
ing is really a transition phase from the in- 
dustrial to the postindustrial age. 

It is unlikely that there ever will be a 
universally acceptable definition of AI, but 
to give coherence to the ideas and topics 
discussed here I will define AI as the study 
and formalization of decision making and 
problem solving, using symbolic informa- 
tion. We can regard expert systems as 
computer programs that use these for- 
malisms to solve or help solve problems 
in a specific domain at a level comparable 
to a human expert in the field. The use 
of symbolic information is essential— we do 
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not regard high-performance computer 
programs that compute fast Fourier trans- 
forms, statistical packages, and such as ex- 
pert systems. We now have computer pro- 
grams that can solve mathematical prob- 
lems in symbolic form, diagnose diseases, 
configure computer systems, determine 
the structure of complex organic com- 
pounds, locate faults in telephone cable 
networks, and perform other similarly skill- 
demanding tasks. These are representative 


of the level of expert systems technology 
as it is today. Although, it is beyond the 
scope of this article to attempt an enumera- 
tion of even a small fraction of all the ex- 
pert systems built so far, we have provided 
a small sampling of them (see sidebar). 
Waterman’s book, (Guide To Expert 
Systems , Addison- Wesley) has very full 
descriptions of nearly all the expert sys- 
tems built through 1985. 

Several factors should be noted when 


Notable Expert Systems Built Through 1985 

• DENDRAL is an expert system developed at Stanford University that deter- 
mines the structure of complex organic compounds based on the chemical for- 
mula and data from its mass spectrogram and nuclear magnetic resonance. It 
is in regular use in many laboratories and has proven a valuable and cost-effective 
tool. Its performance is on a par with an experienced Ph.D.-level chemist, but 
much faster. 

• MACSYMA was developed at MIT for solving mathematical problems sym- 
bolically. Its capabilities include the solution of mathematical problems of near- 
ly every kind in physics and engineering. In its particular domain, it has no human 
peers. It is in widespread use all over the world. 

• Prospector was developed by SRI International and has been successfully 
used in exploration geology. 

• DELTA was developed by General Electric Corporation for troubleshooting 
diesel electric locomotives. This has helped GE save a lot of money by not hav- 
ing to fly its maintenance engineers to all the stations to correct each simple 
malfunction. 

• MYCIN is the first of a series of expert systems built for disease diagnosis. 
Its domain of expertise is blood infections, in which it can diagnose disorders 
and prescribe treatments with the help of patient history, test data, and a large 
knowledge base of specialized rules about infections of the circulatory system. 
Stanford has rated it on a par with the best diagnosticians in the field. MYCIN 
has led to a substantial number of similar systems that address other medical 
conditions; several are in use in hospitals. 

• XCON/XSEL was developed by Digital Equipment Corporation and Camegie- 
Mellon University to configure and service computers produced by DEC. It is 
probably the most successful expert system application to date. 
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looking at expert systems applications. 
First, most are human-machine systems 
that provide assistance to human experts 
in specific, fairly narrow fields. In effect, 
they amplify the productivity of an expert 
rather than replace it. This could con- 
ceivably change if the nascent AI industry 
were to acquire the right marketing know- 
how instead of just trying to produce and 
sell products with a focus on technology. 
The AI software companies are at present 
primarily trying to sell tools and training, 
rather than full-blown applications; the im- 
plicit assumption is that application devel- 
opment and systems integration are the 
responsibility of the customer. There are 
some signs of change, however, and we are 
beginning to see software products ad- 
dressing specific needs such as financial 
management. 

Expert systems also exhibit specializa- 
tion by the manner in which they reason 
or the inference mechanism they use. A 
diagnostic system like MYCIN typically 
uses backward chaining, i.e., it reasons 
back from symptoms to arrive at their 
causes. A design system such as XCON 
reasons forward to arrive at its goal, the 
full configuration of a computer, by piec- 
ing together subsystems and components 
in a manner akin to solving a jigsaw puz- 
zle. DENDRAL is a generate-and-test 
system that postulates a possible structure 
and then matches it against actual data for 
consistency. A monitoring system such as 
ESCPEM, which will be described later, 
is a hybrid that monitors the status of a 
chemical plant by comparing its perform- 
ance to an internally coded model, diag- 
noses causes of deviations, and prescribes 
remedial action. Most expert systems ap- 
plications today thus can be said to em- 
body one of these “architectures,” depend- 
ing upon the application. 

Getting Started. How does one learn to 
build an expert system, or become a 
“knowledge engineer,” as such people are 
often called? There is no simple answer to 
that, since organizations differ widely both 
in their skill mix and management culture, 
but I will try to offer some general guide- 
lines. The single most important step is 
problem selection. Also, it is always best 
to start on a small scale, using inexpen- 
sive hardware and software. The IBM PC 
and a good version of LISP or even LOGO 
are adequate choices during the learning 
phase. It makes sense to acquire a can- 


didate list of problems, even if one is not 
planning to work on all of them, for learn- 
ing to select suitable applications is a 
valuable experience in itself. A general rule 
for problem suitability is that the exper- 
tise needed for it must be entirely cognitive 
and not dependent upon any special in- 
tuition and/or sensory gift. Also, such ex- 
pertise should be teachable to any moti- 
vated person. The next step is to try to 
decide the kind of inference mechanism 
or the architecture appropriate for the ap- 
plication, after which one can begin to ex- 
press the problem in the form of produc- 
tion rules or if—, then—, rules. 

It is extremely important to understand 
two facts right at the outset: expert system 
design should be regarded as a systems 
engineering exercise, rather than one of 
software development; and the problem 
chosen should be in a narrow domain. 
Much of the early AI research was driven 
by the belief that systems could be de- 
signed with a high level of general in- 
telligence and then trained to do any task 
well. Such systems ended up being too 
weak. It was only after it was understood 
that systems, like people, need a great deal 
of specialized knowledge to reach expert 


level performance that really powerful ex- 
pert systems came about. 

Languages. LISP is popular in the U.S., 
while PROLOG is popular in Europe and 
to some extent in Japan. The Japanese 
made a commitment to use PROLOG in 
their famous Fifth Generation Computer 
Project, a choice that in my opinion un- 
wisely limited their options before they had 
gained enough experience. I do not con- 
sider PROLOG a serious competitor to 
LISP as a general-purpose AI language, 
although it has its uses for some special- 
ized applications. PROLOG systems are at 
least a decade behind LISP in maturity; 
further, it is relatively easy to get PROLOG 
to run in a LISP system. LOGO is very 
similar to LISP and can be used to learn 
to program AI systems, including expert 
systems. Excellent versions of LOGO are 
available for PCs, but in the long run 
LOGO is not a substitute for LISP for 
serious applications. Another intriguing 
possibility is that FORTH might turn out 
to be the dark horse when real-time ex- 
pert systems begin to be installed, for it 
seems to have the right constructs for such 
applications. 
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Before examining expert systems in 
greater detail, I wish to put forth two de- 
velopments I expect to see when the use 
of expert systems becomes widespread. 
First, there will be significant increases in 
productivity in discrete parts manufacture, 
in effect a blurring of the distinction be- 
tween the discrete and the continuous 
process industries. Second, there will be 
a blurring of the distinction between manu- 
facturing and the information-based serv- 
ices industry. 


THE STRUCTURE AND 
ORGANIZATION OF 
EXPERT SYSTEMS 

We will now turn to the organization of 
expert systems at a fairly high level of ab- 
straction, examining their component sub- 
systems and the tools and engineering 
methodologies involved in developing their 
applications. The following is directed to 
those who do not wish to become involved 
in the actual design and implementation 
of specific expert systems applications, but 
who would like some understanding of the 
technical underpinnings of such systems. 
This discussion is of the most basic of 
systems that can still be called expert, and 
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any number of variations are possible. 

It is useful first to examine the different 
functions to be performed. Every expert 
system begins with a user interface that 
receives input from the user and provides 
the user with responses from the system. 
These responses can be the solutions the 
user requested, indication of failure to pro- 
vide such solutions, or requests for addi- 
tional information from the user. This in- 
terface is responsible for communicating 
with the problem statement as it exists in 
the outside world and for translating this 
statement into a form or data structure 
upon which the problem solving parts of 


the expert system can begin to act. Such 
a form, which is a computer language 
representation of the problem statement, 
is often called the “global database.” This 
is an unfortunate use of the term, for 
global database is correctly used to mean 
only the statement of the problem as ex- 
pressed internally in the expert system 
(Figure 1). 

Second, every expert system needs the 
knowledge required to solve a particular 
class of problems, a property generally 
called domain knowledge which must be 
obtained from problem specialists. Since 
high-level human expertise calls on 
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specialized skills and training, it follows 
that AI systems based on human expertise 
will also be quite specialized. This collec- 
tion of rules forms the knowledge base of 
the expert system. Expert systems in which 
knowledge is represented in the form of 
production rules are called production 
systems. Production rules are by no means 
the only formalism available for represent- 
ing knowledge, although it is the one most 
widely used. The formalism is not appro- 
priate when the class of problems at hand 
calls for a heavy dependence on mathe- 
matical representations and an algorithmic 
approach. 

The third component of an expert sys- 
tem is a facility for supervising and pro- 
viding for the control regime. This is often 
called the control system or the inference 
engine of the expert system, and it has two 
basic functions. First, it decides whether 
to go to the user interface and com- 
municate with the user, as was explained 
earlier. Second, it must decide which rule 
to apply to the problem next. Since even 
a moderate sized expert system will have 
hundreds of rules, rule selection must be 
based on some strategy and cannot be 
conducted by blind search. It is often 


based on some simple rules of thumb ex- 
perts have developed through experience, 
heuristic knowledge. In fact, heuristic pro- 
gramming is sometimes used as a synonym 
for expert systems development. The im- 
portance of problem-specific methods to 
high-level expert problem solving led to the 
development of today’s high-performance 
expert systems. Previous attempts to build 
systems based on general methods pro- 
duced relatively weak systems. 

Summarizing here, we can say the know- 
ledge base contains factual knowledge 
about the problem in the form of produc- 
tion rules, and the control regime needs 
the method knowledge to function effec- 
tively. Two completely different systems 
can have the same information yet dif- 
ferent methods of operation. For instance, 
a computer aided design (CAD) system 
might have the knowledge base to design 
a given product but lack the method 
knowledge necessary to determine whether 
the product can be manufactured in a par- 
ticular plant, even though a manufactur- 
ing expert would be able to do this from 
the CAD data. This lack is a fundamental 
hindrance to the complete automation of 
any manufacturing operation. 


A CASE STUDY 

An examination of ESCPEM (Expert 
System for Chemical Plant Emergency 
Management) will serve to illustrate the 
concepts presented above. ESCPEM was 
developed by Haile Tsehaie and this writer 
at the University of Houston to study 
potential uses of expert systems for im- 
proving plant safety. The specific facility 
was the reforming unit in a hydrotreating 
and reforming plant. Extending the system 
to deal with the hydrotreating part would 
be quite routine, and we felt that no addi- 
tional insights would be gained in going 
through with the exercise. The reforming 
reaction is endothermic and releases hy- 
drogen as a byproduct. The reforming unit 
reforms the molecular structure of its 
feedstock from straight chains to cyclic 
forms, thereby raising the octane number. 
It is a complex system, containing a poten- 
tially explosive mixture of liquid hydrocar- 
bons and hydrogen gas and operating 
under a severe regime of 40 atmospheres 
and 500°C. In emergency situations, the 
operator might be flooded with a stream 
of alarms that would make it difficult to 
digest the information, filter out irrelevant 
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MODEL List Processor $40 

(with ELIZA and micro-LISP) 



facts, and take the proper remedial ac- 
tions. On the other hand, the seriousness 
of potential hazards makes swift and ac- 
curate diagnosis and remedial action ab- 
solutely vital. 

The following capabilities were deemed 
essential to ESCPEM: 

• It should continuously monitor the 
plant, detect any deviations from the 
norm, and alert the operator im- 
mediately. 

• It should assist the operator in two 
ways, first by diagnosing the cause of 
the abnormality and second by correc- 
tive action. 

• It should shut down the plant in the 
event of an extreme emergency. 

At present, ESCPEM can deal with 
failures in five systems: feedstock, cir- 
culating gas, coolant, fuel system, and in- 
strumentation air. 

The knowledge base consists of five 
modules of production rules, each cor- 
responding to one type of emergency. The 
modules are supervised by a system that 
makes a preliminary diagnosis of the 
nature of the fault and then selects the ap- 
propriate module for more detailed in- 
vestigation and action. Thus, ESCPEM 
can be regarded as composed of five 
“specialists” who report to a “supervisor.” 
This architecture reflects the manner in 
which human experts function and is the 
principal heuristic used in ESCPEM. The 
rules are represented as AND/OR trees, 
and inferences are made by searching the 
particular rule base to find the rule that 
matches the reported conditions of the 
fault. As is the case with most diagnostic 
systems, inferencing is implemented as a 
backward searching routine. (These system 
implementation details are beyond the 
scope of this article.) ESCPEM was im- 
plemented on an IBM PC with 512 Kbytes 
of memory in a version of COMMON LISP 
known as GC LISP, but it could just as 
easily have been done in LOGO. 

Each module contains: diagnostic and 
prescriptive knowledge, both of which are 
needed in emergency management. Diag- 
nostic knowledge consists of rules for 
diagnosing abnormalities, whereas pre- 
scriptive knowledge is composed of rules 
for prescribing remedial actions for the 
diagnosed abnormalities. Clearly, every 
prescriptive rule has to be preceded by one 
or more decisions in which diagnostic rules 
were used. For example, the module re- 
sponding to feedstock failure has the 


An Interactive Session with ESCPEM 

Please respond by typing yes or no to the queries. 

ESCPEM: IS THE FEEDSTOCK PRESSURE FALLING? 

USER: yes 

ESCPEM: IS THE FEEDSTOCK PUMP OPERATING? 

USER: yes 

ESCPEM: IS THE FEEDSTOCK LEVEL DECREASING? 

USER: no 

ESCPEM: IS THE PRESSURE AT OUTLET LOW? 

USER: no 

ESCPEM: IS THE COIL SUPPLY LINE GROUNDED 
USER: yes 

ESCPEM: * THEN THERE IS REDUCED COIL VOLTAGE * 

DID COIL PROTECTION RELAY FAIL TO ACT? 

USER: yes 

ESCPEM: * MY DIAGNOSIS IS AS FOLLOWS * 

* MAGNETIC CONTACT COIL OVERLOAD * 

* CAUSE OF CONTACT COIL BURN * 

* CAUSE OF PUMP MOTER FAILURE * 

* HENCE CAUSE OF FEEDSTOCK FAILURE * 

* MY RECOMMENDED ACTION IS— CHANGE COIL * 


following rule in its diagnostic knowledge 
base: 

IF feedstock pressure is falling, and the 
feedstock pump is operating, 

THEN feedstock system is malfunction- 
ing. 

An example of a prescriptive rule is this: 

IF feedstock system has failed, and air 
bubbles are cause of failure, 

THEN switch to gas circulation. 

The system has over 100 such rules to 
assist in its diagnostic and prescriptive 
tasks and may be called a moderate sized 
prototype. A sample session with ESCPEM 
appears above. 

The structure and organization here 
outlined are what I consider the simplest 
possible program that can be called an ex- 
pert system. Additional features, such as 
the ability to explain the reasoning behind 
a decision and facilities for updating and 
enhancing the knowledge base, would be 
included in a more elaborate system. In 
time they will come out of the laboratory 
and gain a place as essential components 
of expert systems in real-world applica- 
tions. 


Dr. Rajaram is Associate Professor in the Depart- 
ment of Industrial Engineering at the University of 
Houston. He has worked for Lockheed and is a con- 
sultant to NASA. His book, Design of Expert Systems 
on the Personal Computer, will be published by 
Prentice-Hall. 
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A Robot Control System 
Based on FORTH 


John L. Michaloski 

and 

Barry A. Warsaw 

National Bureau of Standards 

Gaithersburg, MD 20899 


For over 10 years, the National Bureau of 
Standards has conducted research in ro- 
botics. NBS has developed a Real-Time 
Control System (RCS) that uses the 
sensory-interactive hierarchical control 
model. RCS has been implemented by a 
small team of programmers and can control 
a variety of robots (Photo 1). Suggestions 
and theories detailing the needs of a fourth- 
generation robot controller have evolved 
from the implementation of RCS (1,2). 

The goal of the robotics research at NBS 
has been to use the hierarchical model to 
establish standardized interfaces between 
successive levels of the task decomposition 
and sensory-interactive knowledge build- 
ing. These interfaces would allow commu- 
nication among levels to consist of a list 
of agreed-upon commands and status 
handshakes. With the goal of standardized 
interfaces realized, control levels 
developed by different interests could com- 
municate via this protocol. 

In robot hierarchical control, tasks are 
decomposed into simpler and simpler 
tasks. Eventually, the tasks are decom- 
posed into low-level control commands for 
the robot. As the tasks for each level are 
decomposed, sensory-interactive know- 
ledge building is occurring simultaneous- 
ly. Low-level sensor information is 
gathered and combined into higher and 
higher levels of knowledge about the cur- 
rent state of the robot’s environment. This 
feedback is used by the hierarchical con- 
trol system to compare the actual state vs 
the expected state to provide control com- 
mands for the next command cycle. 

Much of the initial work involved inte- 
grating a structured light vision system to 
work with the control system (3) (Photo 
2). Current work has emphasized the goal 
of integrating robot functions as a part of 



Photo 1. Among the robots in the Automated Manu- 
facturing Research Facility (AMRF) of the National 
Bureau of Standards is a Cincinnati Milacron T3, used 
in the horizontal workstation. 

an Automated Manufacturing Research 
Facility (AMRF) (4,5). The AMRF is a 
demonstration facility developed to serve 
as a research tool for studying measure- 
ments and standards in the automated pro- 
duction of machined parts. The control ar- 
chitecture developed for the AMRF is an 
extension of the hierarchical robot control 
system theory. The AMRF has proved that 
the concepts established by RCS are not 
limited to robot control systems, but per- 
tain also to a broad body of programming 
endeavors. 


A REAL-TIME CONTROL SYSTEM 

The RCS software has been imple- 
mented with FORTH as its base coordi- 
nating and development system. Any num- 
ber of programming languages can be used 
to solve the wide variety of problems as- 
sociated with robotics, but some are bet- 


ter suited than others for certain tasks. 
Assemblers are best for low-level, high- 
speed hardware interfaces; block-struc- 
tured compiled programming languages 
such as C or Pascal are good for math- 
ematically intensive computation; and a 
high-level symbolic programming language 
such as LISP or PROLOG is better for 
logical reasoning and planning. The choice 
of FORTH was a compromise between a 
desire to satisfy all robot programming re- 
quirements and the integration problems 
of implementing a control system. 

FORTH is both a computer program- 
ming language and a philosophy of soft- 
ware development. It opens up all levels 
to the user with complete and explicit ac- 
cess. It includes an interpreter, a compiler, 
an assembler, and a multitasking capabili- 
ty, all existing within a highly interactive 
atmosphere. FORTH breaks away from 
traditional batch computer programming; 
instead of a cycle of compiling, linking, 
loading, executing, editing, compiling, 
linking, etc., FORTH software develop- 
ment uses small, verifiably correct modules 
that are incrementally compiled. This 
iterative style of software development im- 
proves programming productivity. 

With the increased speed of develop- 
ment, FORTH makes the fine tuning of 
design easier (6). Because it is so easy to 
develop a working implementation of a 
program, results from the prototype can 
be compared to the design expectations. 
Depending on the analysis, the design will 
be reevaluated or further refined. In tradi- 
tional software projects, the initial pro- 
totype is usually the finished product. With 
robotics applications, the need to fine tune 
code is imperative. 

FORTH has a symbol table, known as 
a dictionary, that keeps all the variables 
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and routines, called words, in the system. 
Newly compiled words are added to the 
dictionary as combinations of existing 
words. Because FORTH is written in itself, 
system modifications to meet a functional 
requirement, common in a robot control 
system, are not difficult. FORTH’s exten- 
sibility allows new control and data struc- 
tures to be developed to match a particular 
programming need. This creativity has led 
to the development of new robot-specific 
programming constructs, which simplified 
the software. Although much of the RCS 
is not strictly FORTH, many of the 
language’s programming philosophies 
have been maintained or enhanced. RCS 
adapted the FORTH model to meet the 
needs of a robot control system. A study 
of the impact of FORTH on some of the 
functional specifications that guided the 
development of RCS will further explain 
why we selected it. 

Real-Time Requirement. An original 
RCS implementation goal was real-time 
performance within a cost-effective control 
system. The hardware consists of a multi- 
microprocessor system with the different 
levels of control and support processes 
residing on multiple boards. The boards 
operate in parallel and communicate 
through defined interfaces, including the 
commands and status that are defined in 
a common memory map. Actual communi- 
cation is controlled by an independent 
process that synchronizes the data ex- 
change between hierarchical levels. 

A major functional requirement of RCS 
is the output of new control signals for the 
robot in real time. RCS updates to the in- 
dividual commercial robots vary, but range 
from a new position every 25 ms (or 40 
new poses/second) to a new position every 
100 ms. In order to meet the demands of 
real-time control, the control system was 
partitioned among these processor boards. 

The constraints of real-time perform- 
ance and multiboard communication had 
a profound effect on the software require- 
ments. Typically, interprocess communica- 
tion is carried out through shared data, a 
process that presents both hardware and 
software problems. Where to put the 
shared data, and how a process must per- 
form the read/write handshake must be 
resolved to ensure proper communication. 
Exploiting exact knowledge of the absolute 
addresses for the communication channels 
simplifies the task. 



Photo 2. The robotic vision system and the inter- 
changeable grippers are AMRF’s additions to the T3 
robot. 

Understanding system operation is not 
difficult in FORTH. There is a simple layer 
of a virtual machine that resides on top of 
the operating hardware, and the mapping 
between a logical and a physical address 
is straightforward. Mixing high-level code 
with assembly code is also simple. The pro- 
gramming environment provides an on-line 
assembler for quick and easy machine or 
hardware access. Interactively testing as- 
sembly code further simplifies a hardware- 
intensive project. Finally, FORTH provides 
the feel of assembly-level closeness to the 
machine, yet provides the flexibility of a 
high-level language. 

RCS Reliability. The RCS system was 
designed to avoid performance degrada- 
tion due to hardware troubles; failures that 
require troubleshooting can undermine 
any unprepared operating system environ- 
ment. For example, a typical interface to 
a hardware device has a process awaiting 
a response. If this polling is embedded in 
a lower level process, the system perform- 
ance can come to a standstill. 

Because of its dependence on sensor 
hardware, a robot programming system 
must be prepared for these problems. RCS 
incorporates a software design method- 
ology that forbids embedded loops and 
other types of control structure that would 
allow a hardware failure to cause the sys- 
tem to hang. Instead, an entire pass 
through the system is performed each cy- 
cle. However, no matter how hard the pro- 
grammer attempts to anticipate a hardware 
malfunction, an error status will propagate 


up the levels of control and must be 
handled. Taylor (7) has pointed out that 
in a robot application such as assembly, 
only 10 percent of the robot commands 
are for motion; the majority are for han- 
dling I/O and the “anticipated but un- 
predictable” problems. During robotic 
software development, there is a strong 
need for testing and debugging aids that 
diagnose hardware failure symptoms. 

As it turned out, the software require- 
ments of RCS were eased by having the 
control system on a dedicated, not a 
general-purpose, machine. RCS is thus not 
required to provide user protection mech- 
anisms associated with most operating 
systems. The layers of protection provided 
by such systems may help with multiuser 
timesharing, but hinder development 
under a robot control system in that each 
layer of protection hides more and more 
of the operation from the programmer. 

RCS Support Tools. Although anyone can 
“program” a fifth-generation robot, most 
people don’t realize the amount of proc- 
essing required with even a simple task. 
Programming a robot requires accounting 
for so many details of operation that 
understanding the system supercedes how 
to program the application. The RCS ap- 
proach has been that the programming en- 
vironment is as important as the actual 
control algorithms. The RCS approach is 
to provide a system to the user that incor- 
porates as much knowledge as possible 
about the current state of the robot, and 
to that end has established a tighter rela- 
tionship between the system support and 
the control alogrithms. 

Understanding complex robot applica- 
tions demands that a relationship between 
the system support, including the source 
code, and the control algorithms be con- 
stantly maintained on line. The FORTH 
on-line global dictionary of the variables 
and words present in the system provides 
direct and immediate access to all parts 
of the system. RCS extends this idea and 
assigns a variety of modes that depend on 
defining type with each word in the system. 
For example, FORTH provides a LOCATE 
feature that ties a dictionary word to a 
source disk location. When the user wishes 
to edit a word, referencing the word with 
editing intentions fetches the location on 
the disk, as opposed to remembering an 
exact location of the word in what file on 
disk. Further, RCS adds modes of seman- 
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tic meaning categorized by data type to 
simplify programming. 

Program Correctness and Troubleshoot- 
ing. In a robotics application, simply prov- 
ing program correctness is not enough: 
program correctness deals only with se- 
quential programming, and robotics con- 
tains numerous nondeterministic activities. 
RCS uses a synchronized clock in commu- 
nications in an attempt to regulate the non- 
deterministic activities, but even so, inter- 
mittent errors caused by unforeseen tim- 
ing side effects and hardware failures 
regularly occur in real-time applications and 
make software testing a tough proposition. 

The interactive testing atmosphere of 
FORTH and RCS simplifies dealing with 
problematic hardware testing and debug- 
ging. The dictionary entry to program a 
simulated fifth-generation robot to sweep 
a floor would be as follows: 

:SWEEP-FLOOR door GOTO 

door OPEN broom GET 

door CLOSE floor SWEEP; 

But in robot control the anticipated be- 
havior does not always match the actual 
behavior. If the robot runs into the door, 


the cause of the failure must be pinned minimum of overhead not available in a 
down. FORTH and RCS provide single- compiled or downloaded system, 
step capabilities that help pin down an er- ^ 
ror sequence. For example, 1 


each com- 
mand can be executed independently to 
monitor robot behavior. Trying again, 
door is pushed onto the stack and then 
GOTO is interpreted separately. The 
discovery that this works leads to the test 
of door OPEN . This execution causes the 
robot to crash into the door. Upon study, 
the determination was made that a push- 
through type of door was chosen, not a 
door with a handle. Loading a new door 
prepares the robot for another try. 

This time SWEEP-FLOOR causes the 
robot to slam the door, requiring a fine 
tune of the system. A simple extension to 
FORTH, highly used in RCS, allows any 
lower level word embedded within the code 
to be reassigned a new execution sequence 
because of the availability of indirection. 
Thus, all higher words defined after 
CLOSE will use the original CLOSE , but 
the indirection will provide the location of 
the new code. 

With some tinkering, a new CLOSE will 
cause the robot to close the door quietly. 
The fine tuning has been achieved with a 


YTHIN g $ 2 79 °° 




hero -i 


WM 'Sred 


toP™i r , a "lo h r e theS; 




La"9 ua f, 


^ FA fe*P^ sedin 


A?? 6 a m in D |e the |ine n go uni ts at Transfer * r <;ilTIP 


p 


The 
Macros 
robi 


j S sifhp |e - 

heR°*- 

hanges 


rto 




BOB' °' ,ers 


“SSsss®* 

£x/erQ ree 


sells IO Ti/aae— 

aP aC 9 rforr" ore 

Too S^ 


APPLE® is a trademark of Apple Computer HERO* is a trademark of Heath Electronics 


REDUCING COMPLEXITY 

Given the complicated nature of robot 
programming, simply helping with pro- 
gram debugging is akin to handing a pail 
to the captain of the Titanic. Reducing the 
software complexity is also required, and 
one way to achieve this is by reducing the 
amount of the software through modular- 
ization and information hiding. Several 
programming practices can also help, such 
as factoring, extensive data and control 
structure design, and abstract data typing 
in a class structure architecture. 

Factoring. FORTH and RCS promote 
compact and modular design through ex- 
pression factoring in which common por- 
tions of several different expressions are 
factored out into a separate expression. 
Imagine a FORTRAN program containing 
lengthy formulas. Within three of the for- 
mulas, a common expression is calculated 
each time. Software elegance mandates 
that the common expression be factored 
out and represented as a separate expres- 
sion. The program gains execution speed 
and software verbosity is reduced. Thread- 
ed interpretive languages thrive under this 
mechanism; not only are mathematical ex- 
pressions factored, but so are entire al- 
gorithms, both small and large. 

In FORTH and RCS, a new word can 
be used to factor recurring larger program- 
ming constructs. After a new word ex- 
tracted from several sources is defined it 
can act as a building block, and the higher 
level words can replace the existing code 
with this word. The FORTH system, as 
well as application programs, are very com- 
pact, and these small modules are easier 
to verify. 

Extensibility. Extensibility allowed the 
development of many enhancements to ac- 
commodate the functional needs of a robot 
control system. One of the initial exten- 
sions was SMACRO, a structured language 
based on superassembler macros that trans- 
lates source code directly into assembly. 
SMACRO was developed to bridge the gap 
for robot operations that are time-critical, 
while offering a structured programming 
control application environment. The 
SMACRO extension provides FORTH with 
block-oriented structured language. 
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Figure 1. Robotic manipulation of a solild block requires the use of six “gripper rules.” 


SMACRO allows a user to write struc- 
tured code within a FORTH programming 
environment. The programs resemble 
those written in high-level languages like 
Pascal, C, or PL/I. These macros generate 
machine instructions directly executed by 
the host processor. In general, this object 
code produced by SMACRO is faster than 
that for an equivalent structured language 
program. Further, SMACRO performs di- 
rect translation that maintains a simple 
logical-to-physical addressing layer that is 
normally lost when executing code of a 
compiler code generator. Finally, SMACRO 
maintains FORTH’s interactive atmosphere 
plus allowing FORTH words to mix with 
the SMACRO machine-generated code. 

Most of the control algorithms that are 
mathematically intensive use SMACRO 
and its floating-point enhancement, 
FSMAC. FSMAC provides basic floating- 
point operators, again executing directly 
on the math coprocessor chip. In addition, 
operators important to robot kinematics 
were added, such as vector operations in- 
cluding vector normal, cross multiply, dot 
product, and matrix operators. 

An example of FSMAC will illustrate 
FORTH’s extension to accommodate new 
arithmetic operators. The following is a 
fragment of robot kinematic code: 

routine CALC-xyz 

(Calculate distance from xyz to x’y’z’ us- 
ing directional unit vector to give scaling 
direction back down the arm.) 

pose {dxdydz} .V*S. yr .K=>. dx’ 
pose {xyz} .K-.dx’ .V = >. x’ 
end-routine 

The first line contains the .V*S., or vec- 
tor times scalar binary operator. The vec- 
tor pose {dxdydz} represents the orien- 
tation unit vector in the x direction of the 
robot pose, which is a three-element, con- 
tiguous floating-point array. This orienta- 
tion vector is multiplied by the scalar 
length, yr, which is a constant represent- 
ing the distance from the yaw point to the 
roll point on the robot. The second line 
contains .V-. or vector subtraction. The 
wrist point vector pose {xyz} is subtracted 
by the amount of dx to derive the amount 
of distance down the arm to the wrist plate. 

Abstract Data Typing. Sophisticated data 
structures relating to robotics can be de- 
veloped in FORTH. Within the realm of 
robotics, the requirement of an object- 


oriented perspective cannot be denied. 
The work of a pick-and-place robot, for ex- 
ample, is to transfer an object from here 
to there. Categorizing the data and the 
functions associated with it is one way to 
simplify the problem. This type of meth- 
odology is known as an object-oriented ap- 
proach, as opposed to the procedure- 
oriented approach of languages such as 
Pascal and FORTRAN. 

Using CREATE/DOES>, FORTH can 
achieve object-oriented structures. For ex- 
ample, assume a robot is involved in a 
reasoning task about children’s spelling 
blocks. The generic block can be con- 
sidered an abstract data type with six faces 
to contain letters. The operations available 
would be based on the rules in Figure 1. 

Reasoning would direct the robot to 
change the orientation of certain blocks 
so the letters on their forward-facing sides 
spelled a word. 

In object-oriented structures, the way in 
which these operations are implemented 
is less important than the ability to declare 
an instance of the object and then be able 
to use the operators included with the ob- 
ject. Each declared instance of a spelling 
block would contain a different letter on 
each of its faces. For example, to declare 
two different blocks: 

(trpyy 

SPELLING-BLOCK BLK1 


“Q” “B” “S” “P” “K” “R” 
SPELLING-BLOCK BLK2 
Since both BLK1 and BLK2 share the 
common operators available with SPELL- 
ING-BLOCK, the type of architecture in 
Diagram 1 (next page) is possible within 
FORTH. 


CONCLUSIONS 

The amount of information required for 
robot control is staggering; thousands, if 
not hundreds of thousands, of programs, 
variables, and decision processes, and 
megabytes of source code, are present in 
the system. The burden of keeping track 
of so much data should be transferred 
from the human brain to the computer. 
Only with the help of the proper program- 
ming environment can sophisticated robot 
applications be realistically developed. 

Robot software development can be easy 
with FORTH, due to three important fea- 
tures inherent in the language. First and 
foremost is the interactivity that allows the 
user to test out routines, do data dumps, 
or just plain experiment with the system 
and get immediate responses. Another fea- 
ture is that routines are usually small and 
easily verifiable, and tackle only a very 
specific part of the problem. A routine 
does not try to handle too much and pro- 
grams are written hierarchically. FORTH 
is well suited to top-down design, bottom- 
up development. The third feature is that 
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Diagram 1 

Class of Spelling Block 


Messages/Operations 


0 MESSAGE grip 4-6 

1 MESSAGE grip 5-7 

2 MESSAGE grip 1-2 


Vector 


grip 

grip 

grip 



4-6 

5-7 

1-2 

• • • 



CODE 


CODE 


CODE 


CODE 

grip 


grip 


grip 

• • • 


4-6 


5-7 


1-2 
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John L. Michaloski and Barry A. Warsaw are com- 
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of Standards. 


FORTH encourages the fine tuning of de- 
sign through a process of iteration and 
factoring. 

Further information on FORTH is avail- 
able from the FORTH Interest Group, P.O. 
Box 8231 , San Jose , CA 95155. 
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face with the outside world. The EEPROM can be easily programmed at 5 V with 
TINY BASIC command. The RS232 port and on-board simple monitor make SZC 
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Circle 39 


Circle 48 


26 ROBOTICS ENGINEERING May 1986 



Mobilizing a Robotic Arm 
for IC Production 

Robert M. Bain 

Veeco Integrated Automation Inc. 

1 0480 Markison Road 
Dallas, TX 75238 



The V3 mobile robot consists of a carriage, a six-axis robotic arm to which seventh degree 
of freedom has been added via a rotating “waist,” and end effector, and several microprocessors. 
The “waist” is at the base of the arm. 


A major drive is currently 
under way within the 
semiconductor industry to 
optimize yields and prod- 
uct performance in a 
highly competitive mar- 
ket. Many market leaders 
have been the innovators 
in robotic automation, 
and part of their motiva- 
tion to implement this 
automation is a result of 
the general technological 
progression in IC produc- 
tion and the geometries of 
the higher complexity de- 
vices. The new megabit 
memory chips and com- 
plex microprocessors re- 
quire microscopic semi- 
conductor devices and 
submicron current-carry- 
ing circuits that demand 
extremely clean environments and precise 
processing conditions. It was previously ac- 
ceptable for clean rooms in semiconduc- 
tor production to allow up to 100 0.5 
micron particles per cubic foot of air; in 
the production of these new devices, the 
current definition of a World Class 1 en- 
vironment allows only one 0.3 micron or 
larger particle per cubic foot of air. 

Contamination is a serious problem in 
semiconductor production because human 
workers generate significant particulates 
despite all available precautions. Even with 
proper clean room suits covering the body, 
feet, hands, and head, and shielding the 
face, people still give off tens of thousands 
of particles per minute. It is conceivable 


that a highly efficient air management sys- 
tem and filtration could minimize the ex- 
posure of the silicon wafers and processes 
to that contamination. However, a Class 
10 environment requires that the total en- 
vironment air be exchanged every 5 sec- 
onds. The Class 1 room requires that the 
air be changed twice every second. This 
can become so difficult and expensive that 
some IC manufacturers wish to identify 
and implement other approaches. 

The automated guided vehicle (AGV) 
mounted electric robot provides an ideal 
means of combatting contamination and 
maximizing cycle time and equipment use. 
The major current application for such sys- 
tems is tracking and handling silicon wafer 


operations, during which 
much of the contamina- 
tion and damage are like- 
ly to occur. 

Veeco Integrated Auto- 
mation Inc., a supplier of 
automated information and 
material handling systems, 
was the first to bring out an 
AGV-based multi-axis ro- 
botic system for material 
handling and process 
manipulation. One unit, 
the V3, employs proven 
technology in an innovative 
way, using industry stan- 
dard components for the 
principal parts of the sys- 
tem. They are: 

• A mobile chassis 

• A robotic arm and spe- 
cialized end effector 

• Various microproces- 
sors 


DESIGN COMPONENTS 

The carriage upon which the robotic 
arm travels is a Litton Automated Systems 
Group Model 800. Its guidance, move- 
ment, and safety interlocks are controlled 
by a Zilog Z80 microprocessor. 

The Unimate Puma Model 560 arm has 
six axes of movement. A Rockwell 6532 
microprocessor controls the operation, 
tracking, and feedback for each arm joint. 
The information is fed into a master con- 
troller based on a Digital Equipment Corp. 
LSI 11 microprocessor, which provides the 
Continued on page 30 
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The response to SENSORS EXPO — the first 
conference and exposition devoted exclusivel y 
to sensor and transducer technology — has 
been enthusiastic on all counts. 

A Call for Papers in this magazine produced 
a deluge of submissions from industry experts 
—papers reflecting the ever-increasing role of 
sensors in reshaping manufacturing, processing, 
materials handling, research and development, 
quality assurance, and robotics. 

Inquiries for information on the program of 
professional education — currently being 
shaped by the editors of Sensors magazine 
— have been pouring in from design engineers, 
engineering and R&D managers, scientists, 
manufacturing and production executives, and 
corporate managers... 

...decision-makers from industries including: 
automotive, aerospace and aviation, agriculture, 
communications, computers, consumer 
electronics, defense, food processing, heavy 
industry, medical device and instrumentation, 
petrochemicals, pharmaceuticals, and more. 


This first-of-its-kind opportunity to reach the 
specifiers and buyers who are designing and 
developing products and systems with electronic 
sensing capability has also attracted many 
supplier companies, with many more to come. 

SENSORS EXPO offers three days of learning — 
at the conference program, in the exhibit hall, 
and in the many informal exchanges with your 
colleagues from all parts of the country. 

If you’d like more information about attendin g, 
circle the appropriate Reader Service Inquiry 
number below. The complete program will be 
sent to you as soon as it’s available. 

Or, if you'd like the opportunity to exhibit , face- 
to-face, to thousands of engineering, 
manufacturing, and production specifiers, 
circling the second Reader Service Inquiry 
number will get you a complete Exhibitor Package. 

For further information about SENSORS EXPO, 
contact Susan Reuter at 
Expocon Management Associates, Inc. 

3695 Post Road 
Southport, CT 06490 
(203) 259-5734 


For information on Attending, Circle 58 
For information on Exhibiting, Circle 59 
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executive supervision of the operation of 
the arm and its individual joints. A sonic 
sensor array, under the control of an In- 
tel 8031 microprocessor, is interlocked to 
the movement of the arm so that any in- 
trusion into the work envelope will halt 
arm movement. A seventh axis of motion 
is added by a Veeco-designed “waist” that 
gives the entire arm rotational capability. 
Waist operation, position, and feedback 
are controlled by two separate Intel 8031 
microprocessors; one controls the actual 
movement of the waist, while the other 
monitors its positional characteristics and 
alignment. Maintaining the arm’s posi- 
tional accuracy requires that the waist have 
the same precise movements and posi- 
tional feedback as the arm itself. Power to 
the arm is supplied by six 12 V batteries. 
Angling the arm greatly extends the reach 
and work envelope for both arm and car- 
rier vehicle. While there is ongoing discus- 
sion in many industries, including semi- 
conductor manufacturing, about standard- 
izing material I/O stations or ports to bring 
about uniformity of different vendors’ proc- 
essing equipment, no standards have been 
completely defined, accepted, or im- 


plemented. It was therefore desirable to 
build the arm with the maximum flexibili- 
ty and reach possible. Angling made it 
possible to extend the vertical plane’s 
depth reach at the last wrist joint by 12 
in. The height of its reach is from 18 to 
82 in. The actual reach of the arm can be 
extended, depending on the design of the 
end effector. 

The rotational waist includes 45-degree 
fixed and pinned registration points that 
give the arm a wide horizontal work 
envelope. The arm can be positioned over 
processing equipment during load/unload 
operations and then moved over the sys- 
tem’s center line for safety during vehicle 
travel. The waist position and vehicle travel 
motors are interlocked to permit vehicular 
movement only when the arm is correctly 
positioned over the V3 and away from the 
aisles on either side of the carrier. 

A second important design addition is 
a Terminal Guidance System (TGS) that 
allows the arm to recalibrate its position 
at each stopping point. In general, AGVs 
do not have enough positional accuracy to 
allow the highly precise movements and 
positioning required of a robotic arm in 
clean room operations. The V3 system can 


normally stop within 0.25 in. of a pro- 
grammed spot. The TGS on the end effec- 
tor at the wrist carries a compact camera 
and microprocessor control. The camera 
is a solid-state, charge-coupled device for 
image recognition. 

The AGVs are powered by four 6 V bat- 
teries that give the vehicle motion and 
guidance. For navigation, ultraviolet light 
is emitted from a lamp to a painted stripe 
pathway on the floor. UV sensors convert 
the reflected energy into electrical signals 
that control the servo motors that keep the 
vehicle on course. Using fluorescent 
stripes instead of buried wires permits fast, 
easy changes in and additions to vehicle 
routing, and also eliminates the need for 
physical changes in the flooring. The vehi- 
cle also incorporates two additional Intel 
8031 microprocessors separately running 
the module controller that incorporates 
the bar code readers and presence detec- 
tors in each of its material storage bins. 
One 8031 also controls the operator in- 
terface that allows the operator to change 
the vehicle’s instructions and duty list. The 
entire V3 vehicle operation and its various 
microprocessors are supervised by an In- 
tel 8086, which governs the execution and 


SPECIAL OFFER: 
SCORPION MOBILE ROBOT KIT 



World leaders in instructional robotics 

RHINO 

ROBOTS 

3402 N. Mattis Ave. 

P.O. Box 4010 
Champaign, IL 61820 
(217)352-8485 


Originally $660 factory 
NOW ONLY $299* only 
SAVE OVER 50% 

The package price gives you the Scorpion kit with everything 
needed for assembly plus our 250-page assembly and operation 
manual (a $20 value) as a free bonus. 

The Scorpion is a versatile floor mobile robot that can be run 
from the RS-232C port of any computer, small or large. It is designed 
specifically for the serious robotic enthusiast who owns a personal 
computer and would like to experiment with robotics, artificial intelli- 
gence, machine intelligence, pattern recognition, and mobile robot 
theory. These activities are permitted by the Scorpion by virtue of its 
unique features, which include 2 drive motors, 4 bumpers with 2 micro- 
switches each, 2 programmable eyes, a speaker with tone and dura- 
tion programmability, a 2 axis optical scanner tha allows patterns of 
the brightness of the robot’s environment to be displayed on the CRT 
of the computer, and a 2 phase floor scanner that can be used to 
allow the Scorpion to track the floor environment in an intelligent 
manner. 


Enclose check or money order with order. VISA or Mastercard charges 
accepted 'Power supply not included. Shipping extra. 
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monitoring of the carrier’s individual 
components. 


SYSTEM OPERATION 

When the V3 approaches a work station 
(see photo), it stops at a bar code on the 
floor for proper alignment to access the 
station. The arm then positions the camera 
to look down at a target placed horizon- 
tally on the equipment surface. The target 
is a line array that provides two-dimen- 
sional alignment specifications silk- 
screened on a piece of plastic or metal and 
coated for protection. With the target as 
a reference point, the TGS measures the 
vehicle’s position in relation to the target. 
This allows the microprocessor to generate 
data concerning the alignment error of 
vehicle and arm relative to the processing 
equipment. The information is then used 
to adjust the robot’s operating program to 
compensate for any inaccuracy in the vehi- 
cle’s stopped position. The TGS can com- 
pensate for inaccuracies as great as 1 in. 
After alignment, the positional repeatabili- 
ty of the arm is returned to its normal 
0.020 in. relative to the processing ma- 
chine’s load/unload platform. 


Integral to the V3 horizontal work sur- 
face is an automatic box opener. This 
mechanism securely holds a box or other 
item while the robot’s end effector loosens 
the clasp. A separate lid opener then lifts 
the box lid to allow access to its contents 
inside. The procedure is reversed to load 
and close the box. These activities are con- 
trolled by the vehicle’s microprocessors. 

The V3 uses a broadcast infrared light 
system to communicate up-to-the-second 
information about lot tracking and vehi- 
cle position, and to receive activity instruc- 
tions. Identical transceivers are used on 
the vehicle and the ceiling or walls of the 
production facility to provide two-way com- 
munication between the systems control 
and the vehicle. The transceivers are con- 
nected directly into the work in progress 
stations, which provide an Ethernet link 
to the main system control computer. With 
multiplexed communication, a Veeco sys- 
tem can have up to 256 vehicles operating 
in a given facility at the same time. Vehi- 
cle routing, scheduling, and collision 
avoidance are all controlled by the system’s 
proprietary operating software. The system 
control also provides the routine and 
periodic reporting and requests for addi- 


tional instructions back to the host CAM 
system. 


CONCLUSIONS 

An initial application of the V3 led to 
a reduction in particulates from 20,000 
generated per minute to fewer than 10. 
Particulates from the robotic arm were 
channelled through the vehicle and 
emitted about 2 in. from the floor. The 
particulate reduction was achieved through 
design enhancements, as well as by an 
overall evacuation of individual joints and 
of the entire assembly. An innovative com- 
bination of reliable, field-proven compo- 
nents can provide an integrated approach 
to clean room operations that can be im- 
plemented in a modular fashion as produc- 
tion requirements change and grow. 


Robert M. Bain is Director of Marketing at Veeco 
Integrated Automation Inc. 
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^ZEE8-18K I/O CONTROL 
COMPUTER COMBINES 
PROGRAMMING EASE OF BASIC WITH 
THE DISK-LIKE STORAGE OFANEEPROM 
FOR ONLY $239! 



The ZEE8-18K SBC combines the funtions of computer 
+ 1/0 board + EPROM writer + EPROM eraser— without 
the UV light and additional power supply needed for 
erasing and writing EPROM's. With an endurance of 
10,000 write cycles per byte and the ability to erase/ 
write single bytes, the EEPROM can be used like a disk. 
Programs can be stored in tiny BASIC or Z8 hex code 
and will autostart after flipping an on-board DIP switch. 

2K BASIC interpreter, 12K CMOS RAM, 2K monitor 
EPROM, 2K EEPROM, 32 I/O lines, 2 counter/timers, RS- 
232C port. 


MESANDD Microprocessor Engineering 

1509 Francis Street Albany, CA 94706 

(415) 526-5155 
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ROBOTS FLEX 
WITH 
HELI-CAL® 


One-piece Heli-Cal Flexures are found in a host of 
high-tech applications where reliability is mandatory. 

Often they replace several parts, perform unusual 
functions. Always they do the job of correcting for 
misalignment, providing constant velocity and 
smooth loads— and more. 

Precision made in standard and special sizes, 
custom end connections. 

Your design problem may be solved with the high 
quality technology of Heli-Cal Flexures as couplings 
and U joints. 

Heli-Cal. More than a means to connect two shafts. 
Details and catalog on request. 



HELICAL 

PRODUCTS COMPANY, INC. 

901 McCoy Lane 

P.O. Box 1069 

Santa Maria, CA 93456 

805/928-3851 TWX: 910/351-5856 
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THRIF TUNE™ 

OPTICAL SHAFT ENCODER 


DRAMATICALLY LOWER IN PRICE 

OFFERS UP TO 600 PULSES 
PER REVOLUTION 

A fully housed, high-quality encoder with ma- 
chined parts, the new Vernitech Thriftline™ Model 
VOE-L23 is designed to meet most commercial 
applications. Solid state components and pre- 
cision code discs are used for highest reliability 
and performance. In 1,000 quantity, from $55. 

d 

VERNITECH 

a division of Vernitron Corporation 
300 Marcus Boulevard, Deer Park.N.Y. 11729 
(516) 586-5100 /TWX 510-227-6079 


16 Axis Step Motor Control 
Performance/Cost Break-Through 



Cyberpak’s BIPOLAR CHOPPER technology provides 2-5 
times the performance of simple circuits. No external power 
resistors are required. 

Complete 4 axis systems w/IBM-PC interface, including 
control system software (RBCS BASIC), at under $1000. 
Driver modules start at $89.50/axis. 

CyfoerPak 

• company 

P.O. BOX 38 ■ BROOKFIELD, IL 60513 ■ 312/387-0802 
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In The Robotics Age ™ 

Edited by Stephanie vL Henkel 


CORPORATE NEWS 


► Joseph F. Engelberger, the tions are Analog Devices, DEC, 
“Father of Industrial Robotics” GMF Robotics, Honeywell, To- 
and founder and first president shiba, Varian Associates, and 
of Unimation Inc., has formed Westinghouse. The BITBUS is 
a new company, Transitions a serial I/O expansion bus 
Research Corp. The firm will designed to provide connec- 
provide consulting and tech- tions between microcontrollers 
nology development services in in factories and labs. 

the areas of navigation systems 

and mobile applications; it has ► Odetics, Inc. has formed an 
already received a contract to Advanced Intelligent Machines 
develop an autonomous robot Division that will serve as the 
for commercial floor cleaning, strategic focal point of the en- 
tire corporation. The new divi- 

► Gould Inc. has announced sion will concentrate on de- 
two acquisitions: PSC, Inc. and veloping various types of ro- 
the Vision Systems Division of botic mobile platforms, manipu- 
Automation Intelligence, Inc. lators, vision systems, and 
PSC is a computer and elec- embedded computers. The firm’s 
tronics systems engineering firm initial venture into mobile 
with over 150 engineers and robots was ODEX, a six-legged 
scientists. It will be integrated “functionoid” unveiled in 
into Gould’s Defense Systems 1983. 

Business Section. Automation 

Intelligence President and CEO ► Artel Communications Cor- 
Ted Fluchradt said the divesti- poration has announced that 
ture would allow his firm to Computervision will support 
focus entirely on CIM software, Artel’s fiber-optic communica- 
products, systems, and service, tion systems as part of its stan- 
dard CAD/CAM maintenance 

► Seven more companies have- program. Customers will deal 
announced support for Intel directly with Computervision 
Corp.’s BITBUS™, bringing for service in those areas. Artel 
to 18 the number of manufac- has installed nearly all the Com- 
turers that have adopted the ar- putervision Insta-view-com- 
chitecture in products for the patible fiber-optic systems in 
OEM market. The new addi- current use. 


PEOPLE 


► Richard (Rick) Clendenen sales. His previous work was for 
has joined Prab Robots as na- the Modicon Division of Gould 
tional sales manager for robotic and for Static Controls. 


32 ROBOTICS ENGINEERING May 1986 


Circle 42 




Circle 49 


In The Robotics Age™ 


► Donald J. Kramer has been 
appointed chairman of the 
board of Maxitron Corpora- 
tion. He is a partner of TA Asso- 
ciates, a Boston-based venture 
capital firm, and has been asso- 
ciated with Hendrix Electronics 
and Modicon. He joined Gould in 
1977 when it bought Modicon. 

► Litton has named Robert L. 
Douglas president of Litton 
Engineered Systems, a division 
of the firm's Industrial Automa- 
tion Systems Group. Douglas 
was formerly VP and general 
manager of Gilman Engineer- 
ing and Manufacturing. 

► Richard A. Myers has been 
named VP of marketing and 
sales by RWT Corporation. 

He has worked for White Con- 
solidated Industries and 
McDonnell Douglas. 

► Telemecanique has ap- 
pointed Christian Thomas 

president and CEO. Thomas, a 
16-year veteran of the com- 
pany, was most recently tech- 
nical manager of Telemeca- 


nique’s manufacturing division 
for power controls. 

► Westinghouse has ap- 
pointed Ralph E. Recka to the 
new position of VP and 
manager of the automotive in- 
dustry automation programs. 
Recka has held a number of 
previous positions with the firm. 

► Steven Marco (Steve Mar- 
co) Apostolides has been ap- 
pointed executive VP and COO 

by Itran™ Corporation. Be- 
fore joining the firm in 1985, 
Marco worked for General 
Electric Robotics & Vision 
Systems Dept, and for Therm- 
wood. He has also led his own 
consulting company, Marcon 
Inc. 

► Cognition Inc. has ap- 
pointed Stuart A. Bernstein 

vice president of sales and com- 
pany founder, completing the 
team of 11 Cognition founders 
led by company president 
Philippe Villers. Bernstein was 
previously associated with Con- 
trol Data. 


NEW JOURNAL 


Soma: Engineering for the 
Human Body is a quarterly 
journal covering engineering in 
medicine, sports, physiology, 
and physical therapy and re- 
habilitation. Scheduled to ap- 
pear this spring, Soma will 
carry reviews of medical and 
sports devices including robot- 
ic aids for the handicapped, 


sports equipment design for re- 
habilitation, artificial organs, 
and CAD of prosthetics. The 
journal is a joint publishing ven- 
ture between the American 
Society of Mechanical Engi- 
neers and Williams & Wilkins, 
Journal Division of Waverly 
Press, Inc. ASME will be re- 
sponsible for editorial content. 


TOTALCONTROL 

with LMI FORTH " 



'FORTH 


LU) Metacompiler 


For Programming Professionals: 

an expanding family of 
compatible, high-performance, 
Forth-83 Standard compilers 
for microcomputers 

For Development: 

Interactive Forth-83 Interpreter/Compilers 

• 16-bit and 32-bit implementations 

• Full screen editor and assembler 

• Uses standard operating system files 

• 400 page manual written in plain English 

• Options include software floating point, arithmetic 
coprocessor support, symbolic debugger, native code 
compilers, and graphics support 

For Applications: Forth-83 Metacompiler 

• Unique table-driven multi-pass Forth compiler 

• Compiles compact ROMable or disk-based applications 

• Excellent error handling 

• Produces headerless code, compiles from intermediate 
states, and performs conditional compilation 

• Cross-compiles to 8080, Z-80, 8086, 68000, 6502, 8051, 
8096, 1802, and 6303 

• No license fee or royalty for compiled applications 

For Speed: CForth Application Compiler 

• Translates “high-level” Forth into in-line, optimized 
machine code 

• Can generate ROMable code 

Support Services for registered users: 

• Technical Assistance Hotline 

• Periodic newsletters and low-cost updates 

• Bulletin Board System 


Call or write for detailed product information 
and prices. Consulting and Educational Services 
available by special arrangement. 


urn 


Laboratory Microsystems Incorporated 

Post Office Box 10430, Marina del Rey, CA 90295 
Phone credit card orders to: ( 213 ) 306-7412 


Overseas Distributors. 

Germany: Forth-Systeme Angelika Flesch, Titisee-Neustadt, 7651-1665 
UK: System Science Ltd., London, 01-248 0962 
France: Micro-Sigma S.A.R.L., Paris, (1) 42.65.95.16 
Japan: Southern Pacific Ltd., Yokohama, 045-314-9514 
Australia: Wave-onic Associates, Wilson, W.A., (09) 451-2946 
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_New _ 
Products 


Automated System 
Offers “Hands-Off” 

Wafer Transfer/Loading 

n integral part of the furnace load station, 
TYLANs automated wafer transfer and 
loading system is designed for robotic move- 
ment of quartz cassettes. The system can 
transfer wafers from plastic cassettes to quartz 
cassettes, which are then put onto a noncon- 
tact loader. After thermal processing the pro- 
cedure is automatically reversed. The entire 
operation is completely enclosed within a 
laminar flow load station. The system is com- 
posed of a four-axis, closed-loop, programmable 
Cartesian robot that interfaces with an optional 
batch or single wafer transfer machine. Between 
operations, cassettes are stored at staging areas 
within the load station at each tube level. The 
system is rated for class 100 environments. 

For more information, contact: Allan B. 
Freeman, Marketing Services Administrator, 
TYLAN, 23301 S. Wilmington Ave., Carson, 
CA 90745, telephone (213) 518-3610. 

Circle 100 


Compiler Converts Logic 
Inputs into Design Data 
at Near Real-Time Speeds 

LDEC’s SLAV™ (Schematic Logic 
Analyzer and Verifier) provides automatic 
logic design and testing by using a special pur- 
pose, very fast compiler that converts logic in- 
puts into design data at near real-time speeds. 
Inputs can be obtained from a mouse used to 
draw lines on the PC monitor or from the in- 
sertion of netlists of logic equations. Possible 
end results include an automatically configured 
discrete logic system consisting of standard 
5400/7400 logic gates; logic implementation 
that employs a microprocessor system that has 
the Intel 8051/8751, Motorola 6804/6805, or 
National Semiconductor COPS; and auto- 
matically generated logic systems employing 
gate arrays or PALs. The system can use either 
one or two CRT monitors. If two screens are 
used, a color monitor displays the logic sche- 
matic and a monochrome monitor presents the 
timing signals. In a one-screen implementation, 
the user toggles between the schematic and tim- 
ing displays. 

For more information, contact: ALDEC, 
3525 Old Conejo Rd. #111, Newbury Park, CA 
91320, telephone (805) 499-6867. Circle 101 


LISP Package Allows 
AI Development on a PC 

yi/yicrosoft LISP is designed to provide the 
1 . -I PC user with a fully integrated LISP pro- 
gramming environment for the development of 
sophisticated artificial intelligence software sys- 
tems. Version 5.1 includes, among other fea- 
tures, over 400 Common LISP functions, 
macros, special forms, and control variables; 
a trace and debugging facility; an on-line LISP 
tutorial system; exact integer arithmetic, pro- 
viding thousands of digits of accuracy; ad- 
justable precision rational/floating-point 
arithmetic; a library for irrational and tran- 
scendental arithmetic functions; DEFMACRO 
for defining macros with destructuring of the 
argument list; and machine language interface 
support. 

For more information, contact: Sandra M. 
Jacobson, Microsoft Corporation, 10700 Nor- 
thup Way, Box 97200, Bellevue, WA 98009, 
telephone (206) 828-8080. Circle 102 


Upgraded Software 
Is Designed for 
Industrial Robot 

eiko is offering new, upgraded software 
for its D-TRAN line of industrial robots. 
DARL II (D-TRAN Assembly Robot Language), 
compatible with all existing Seiko D-TRAN 
units, is supported by a new CPU board that 
is also compatible with existing Seiko con- 
trollers. The software features 64K of memory, 
seven 8K banks for programming, and one 8K 
bank for translation points, variables, and 
PALLETS and FRAMES subroutines. 

DARL II separates individual coordinates in 
a translation point, which allows the program- 
mer to perform logic and mathematical com- 
putations on a coordinate. In the FRAMES 
subroutine, translation points can be taught and 
stored relative to a specified frame, yet the T- 
point coordinates can be displayed relative to 
the current frame. This allows T-points to be 
used in various frames or to be used in subse- 
quent program modifications without teaching 
the same point. Each axis also can be in- 
dependently adjusted for speed. 

For more information, contact: Applications 
Engineering Dept., Seiko Instruments U.S.A., 
Inc., 2990 W. Lomita Blvd., Torrance, CA 
90505, telephone (213) 530-8777. Circle 103 



Clean Room Robot 
Saves on Aisle Space 

new family of robots, Model PRI-2000, 
is designed for use in clean rooms and 
other contaminant-free environments. The 
robot arm uses a unique track system that 
allows it to be attached to the side of a bench 
without sacrificing aisle space. The track is 
available in 1-ft increments up to 20 ft. The 
arm and controller are based on the PRI-1000, 
currently used in class 10 to 100 clean rooms 
in the semiconductor industry. The robot is 
available in three- to five-axis models and is par- 
ticularly suitable for operations in semiconduc- 
tor wafer and cassette transfers, magnetic disk 
handling, chemical analytical lab material han- 
dling, and, with an optional flexible cover, for 
handling materials in corrosive baths. It can 
handle loads to 15 lb. with speeds to 15 in. /sec. 
and repeatability of 0.004 in. 

For more information, contact: Precision 
Robots, Inc., 6 Cummings Park, Woburn, MA 
01801, telephone (617) 938-1338. Circle 104 


Programmer’s Tool 
Translates dBASE 
Applications to C 

he dBx Translator system, developed by 
Desktop A.I., moves dBASE programs in- 
to the C language. It allows the conversion of 
dBASE applications for speed and improved 
performance or for multiuser and network ap- 
plications. The system includes a language 
translator for processing dBASE source and a 
run-time library tool box to replace the dBASE 
screen handler. The converted dBASE code 
becomes a functional and controllable C pro- 
gram that gives an application developer con- 
trol over the product and release from the prob- 
lems and royalty costs of dBASE. 

For more information, contact: Jacqueline 
Pugsley, Desktop A. I., 1720 Post Road East, 
Westport, CT 06880. telephone (203) 
255-3400. Circle 105 
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New 

Products _J 


Symbolic Computation 
Speeds High-Tech Design 

\ new feature of SMP version 1.5 from In- 
ference Corporation is the generation of 
error-free FORTRAN source code for SMP- 
developed problem solutions and algorithms. 
The code can be separately compiled and in- 
corporated into other FORTRAN programs for 
further calculations outside the SMP environ- 
ment. Version 1.5 also provides enhanced 
graphics capabilities for both low- and high- 
resolution graphics. SMP supplies the user with 
easily analyzed displays of curves and surfaces. 
The engineer can work with design formulas 
in customary mathematical terminology and 
concentrate directly on overall design goals 
rather than distracting details. Applications in- 
clude electronics, robotics, nuclear physics, 
chemistry, optics, and geophysics. 

For more information, contact: SMP Division 
of Inference Corporation, 5300 W. Century 
Blvd., Los Angeles, CA 90045, telephone (213) 
417-7997. Circle 106 

CIM Software ling a f ab would include the computer, 

P M' V A Y IT with f ,ve me £ ab y tes ma i n memory, plus two 

Kuns Oil 1 llCrOV AA ll DEC RA-8I disk drives. In its fullest configura- 

T P. Sharp’s PROM IS (PROcess Manage- tion, a MicroVAX II with nine megabytes of 
A • ment and Information System) automa- main memory and four RA-81 disk drives could 

tion software can now be run on Digital Equip- support as many as 32 directly connected pieces 

ment Corporation (DEC) MicroVAX II hard- of production equipment or terminals. In larger 

ware. The software is a directive, real-time shop facilities, PROMIS typically runs on one or 

door control system with extensive planning, more full size VAX minicomputers and can sup- 
tracking, reporting, and engineering analysis port over 100 terminals, robots, and automated 

capabilities. machines. 

PROMIS instructs workers precisely what to For more information, contact: Ted Levine, 

do at each work station. At the same time, it I.P. Sharp Associates, 4699 Old Ironsides Dr., 

checks input data for validity. A minimum Suite 300, Santa Clara, CA 95054, telephone 

MicroVAX II configuration capable of control- (408) 748-9822. Circle 107 

Da.tclb3.S0 Includes introduced at Robots 10. The software’s 60 

o Afo n l i. search fields permit additions to the user who 

SpeCS On 450 Robots Wishes to conduct price, performance, and 

r l \ie Version 11 robot database from Robot other robot evaluations. 

A Analysis Associates, Inc. features manu- For more information, contact: Robot Analy- 

facturer certified specifications on over 450 in- sis Associates, Inc., Box 1507, Pinehurst, NC 

dustrial robots, including some models to be 28374, telephone (919) 295-5795. Circle 108 


Advertising 


R.S. 

No. Company 

31 AEG Corporation, Cov. II 

32 Adept Technology. Inc., Cov. IV 

33 Alpha Products, p. 13 

34 American Gnnding & Machine Co., p. 17 

35 Ampro Computers, Inc., p. 36 

36 Automation Gauges, Inc., p. 12 
46 Automation News, p. 21 

37 Autonetics, p. 5 

38 Autotech Corporation, p. 36 

39 Becker Publishing, p. 26 

40 Bersearch Information Services, p. 24 

41 Corel & Company, Ltd., p. 15 

42 CyberPak Co., p. 32 

43 Dynapace Corporation, p. 8 

44 Elsevier Science Publishers, p. 3 


45 Flexible Manufacturing Systems, Inc., p. 19 

47 Helical Products Company, Inc., p.31 

48 Kustem Data Services, Inc., p. 26 

49 Laboratory Microsystems, p. 33 

50 Mesandd Mcroprocesscr Engineering, p. 31 

51 Micromotion, p. 20 

1 North American Technology, Inc., Cov. Ill 

52 Plas-Tech, p. 18 

53 Rechert Fiber Optics, p. 35 

54 Rhino Robots, Inc., p. 30 
58,59 Sensors Expo, pp. 28, 29 

55 Tapeswitch Corp. of America, p. 2 

56 Vermtech, p. 32 

57 Vermtron Control, p. 1 1 
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Classified 

Advertising 

AFFORDABLE SYNCHRONOUS DRIVE ROBOTS! 

We offer high quality yet reasonably priced synchronous 
drive mobile robots designed for researchers and educators 
experimenting with navigation techniques. We will quickly 
send you information including specifications and 
references. Write to: REAL WORLD INTERFACE, 238 
Marlboro Rd., Sudbury, MA 01776, (617) 443-9607. 



IMAGE GUIDE 

for remote operation viewing 

Reichert Fiber Optics, a leader in flexible fiber optics, can 
supply you with an image system to meet virtually any remote 
viewing requirement. Reichert offers both standard and 
custom designed systems to use with closed circuit TV, 
cameras or selected eyepieces. 

The basic system consists of image bundle, lens, eyepiece, 
or camera and monitor. Various accessories including high 
intensity illuminators, angle adaptors, and specialized lenses 
make the Reichert Image Guides extremely versatile. Appli- 
cations include surveillance, process monitoring, machine 
vision and the ability to view otherwise inaccessible areas. 

Reichert will also custom design remote viewing systems to 
match those special needs which cannot be serviced through 
standard and optional equipment “add-ons”. 

For additional information on standard or custom systems 
contact Reichert Fiber Optics. 


Reichert 


Reichert Fiber Optics 

Warner Lambert Technologies, Inc. 

122 Charlton Street, Southbridge, MA 01550 
1-800-343-6120 (In Mass, call: 617-765-9744) 


Circle 53 
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_ New 
Products 


Software Package 
Provides Complete 
Programming Environment 

yrfasterFORTH for CP/M 68000 compu- 
1 f l ters, offered by MicroMotion, is a com- 
plete programming environment that includes 
a 68000 macroassembler and full interface to 
CP/M 68K. Relocatable utilities and transient 
definitions make it possible to run substantial 
software packages. The string package, screen 
editor, and resident debugger are standard 
features. The optional target compiler produces 
optimized application programs for virtually any 
programming environment. MasterFORTH ex- 
actly matches the FORTH-83 standard dialect 
described in Mastering FORTH (Brady, 1984), 
which is included. Floating-point and relocator 
extensions are available. MasterFORTH is also 
available for the Macintosh, IBM PC family, Ap- 
ple II family, Commodore 64, and CP/M Z-80. 

For more information, contact: MicroMotion, 
8726 S. Sepulveda Blvd. #A171, Los Angeles, 
CA 90045, telephone (213)821-4340. Circle 110 


Industrial Robot 
Uses Special Swing Arm 

T he PRM-II, offered by Continental MDM 
Inc., is equipped with a special swing arm 
that provides additional reach capacity for in- 
tricate lift, load, and remove sequences. The 
arm can travel in a semicircle with a 41 in. 
radius. It can serve machine tools, or assembly 
stations for metal products. The robot weighs 
1874 lb., with body travel from 9 in. to 61 in. 
Powered by three fractional hp motors, it can 
lift up to an 88-lb. workpiece. The machine con- 
trols will accept program inputs at the machine, 
and will store programs for future use when 
required. 

For more information, contact: M.A. Jarman, 
Continental MDM Inc., PO Box 299, Aurora, 
IN 47001. Circle 111 


Software Environment 
Allows Concurrent 
Programming, 

Monitoring, and Control 

O TD polyFORTH™, designed for real- 
time applications, includes a multitask- 
ing operating system, high-level programming, 
assembler for the 8088 CPU, editor, database 
support, utilities, and an extensive math pack- 
age for the 8087 coprocessor. The polyFORTH 
system provides an environment for develop- 
ing process control, machine automation, and 
instrumentation applications. 

For more information, contact: Colleen 
Clarke, Ziatech Corporation, 3433 Roberto 
Court, San Luis Obispo, CA 93401, telephone 
(805) 541-0488. Circle 109 


A new standard for absolute 
encoders to match the 
ruggedness of PC’s 


Little Board ™/1 86 ..** $495 

High Performance, Low Cost PC-DOS Engine 



Simply reversing the 
plug provides field 
selectable cw/ccw 
operation 


Epoxy potted 
ratiometric tracking 
converter 


Shaft seal 


MS-connector 


Rugged 

enclosure 


Miniature 

resolver 


DigiSolver, a resolver-based encoder, is designed 
specifically for AB, Modicon, SQ D, TI and GE encoder 
input modules. 


Exclusive features: 

• 5 to 30 VDC operation 

• Built-in PC synchronization 

• No optics, milgrade resolver 

• Small size 25 construction 

• High resolution 18-bit, NEMA 4 



No Optics! 


Call for free specification data. 

“A reputation for innovation” 



• Three times the COMPUTING POWER of a PC 

• Data and File Compatible with IBM PC, runs 
"MS-DOS generic" programs 

• 8 MHz 80186 CPU, DMA, Counter/Timers, 

1 28/51 2K RAM,zero wait states, 

16-128K EPROM 

• Mini/Micro Floppy Controller (1-4 Drives, 
Single/Double Density, 1-2 sided, 

40/80 track) 

• 2 RS232C Serial Ports (50-38, 400 baud), 

1 Centronics Printer Port 

• Only 5.75 x 7.75 inches, mounts directly to 
a 5-1/4* disk drive 

• Power Requirement: *5VDC at 1.25A; 
+12VDC at .05A; On board -12V converter 


• SCSI/ PLUS'* multi-master I/O expansion bus 

• Software Included: 

• PC-DOS compatible ROM-BIOS boots 
DOS 2.x and 3.x 

• Hard Disk support 

• OPTIONS: 

• Expansion board with: 

• 128 or 51 2K additional RAM 

• 2 Sync/Async RS232/422 serial ports 

• Battery backed Real Time Clock 

• 8087 Math Co-Processor 

• Buffered I/O Bus 

• STD Bus Adapter 

• Utilities source code 

• Turbo DOS / Networking 


Slf* AUTOTECH 

Bh CORPORATION 


DigiSolrer 


Autotech Corporation 
343 St. Paul Boulevard 
Carol Stream, IL 60188 
TM 312-668-3900 

(Patent Pending) 


IBM?, IBM Corp^ 80186*, Intel, Corp.; 
TurtX) DOS*, Software 2000, Inc. 


V COMPUTERS. INCORPORATED \ 

X67 East Evelyn Ave. . Mountain View, CA 94041 . (415)962-0230. TELEX 4940302 ^ 
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Why robot vision doesn’t 
have to slow a robot down. 




AdeptVision ™ quickly identifies 
randomly oriented , touching, or 
overlapping parts. 


Most robot vision systems sim- 
ply aren’t good communicators. 
They load a robot down with 
more data than it can handle . . . 
and transmit that data over 
slow serial or I/O ports. So 
while they might “see” in real 
time, they can’t make the robot 
react in real time. 

AdeptVision™ can. . . and does. 


Real time vision, 
real time reaction. 


of the entire part area, it ac- 
complishes more with less raw 
data. And then turns it into real 
time robot guidance informa- 
tion with powerful 68000 
processors. 


Touching and 
overlapping parts. 

Most vision systems can’t 
identify parts the way they’re 
presented in real life: randomly 
oriented, touching, or even 
overlapping. AdeptVision can, 
because its unique algorithms 
work with part features instead 
of areas. 

This flexible parts presenta- 
tion ability can save you a 
fortune in hard tooling costs 
now . . . and later on when you 
change product mix or design. 


Seeing is believing. 

We’d like to show you AdeptVision 
in action ... at an Adept-equipped 
systems integrator near you. Just 
give us a call, and we’ll make the ar- 
rangements. In the meantime, we’ll 
mail you all the details. Just contact 
Adept Technology, Inc., 1212 Bor- 
deaux Drive, Sunnyvale, California 
94089. Phone: (408) 747-0111. 
TELEX: 171942. 


AdeptVision communicates 
with the robot controller 
quickly because it communi- 
cates directly ... in the same 
language . . . without any of the 
integrating hardware and soft- 
ware that slows other systems 
down and drives installation costs up. 

In other words, AdeptVision 
comes fully integrated with the 
Adept robot system, and the result 
is sheer speed. In both its area and 
moving line versions, AdeptVision 
identifies and locates up to six parts 
per second — and communicates 
the information fast enough to 
guide the robot’s path in real time. 


that. This can bum up several man-months 
of an expensive programmer’s time 
and delay your start-up significantly. 

AdeptVision requires no part-specific 
software. It’s ready to go the day you 
install it and requires only about 15 
minutes of training per part. 

What’s more, because AdeptVision 
identifies significant part features instead 


Simplicity plus brainpower. 

Most vision systems require special 
software for each part they handle. 

And most vision companies don’t tell you 



oc’qJ 

adept 

technology, inc. 
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Robots that work. 




